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The thesis in front of you is written on behalf of University of Thessaly, department 
of Mechanical Engineering. We studied the Vehicle Routing Problem (VRP) and its variants, 
as described in bibliography. Then, we proposed a combinational linear formulation, 
simulated in C++ programming language by using the CPLEX Optimization Studio, which 
includes all of these variants together. Because of the time and maximum allowed volume, 
this thesis covers only a version of the VRP; the VRP with Time Windows. It is described 
based on a real-world application concerning the vehicle routing in the food, drinks and 
beverages industry. The proposed combinational linear formulation is added as appendix 1 for 
anyone who might want to study it. This thesis is divided in five parts. Firstly, we introduce a 
chapter in which we present an overview of the VRP family, define the most important 
variants of the problem and present real-world VRP applications, case studies and software 
packages solving these problems. Then we discuss about the VRP with Time Windows, 
presenting some published papers in bibliography. Next we describe the logistics company at 
which the formulation was tested and propose a mathematical formulation for the VRP with 
Time Windows, the objective function and its constraints. In chapter 4 we present the results 
based on the given data and finally we make a conclusion about how effective this 
formulation might be on the vehicle routing of this company. 
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In this chapter the vehicle routing problem (VRP) is presented. A short overview is 
being made through the variants of the VRP while real-world applications of each variant are 
displayed. Next follows a presentation of a real world logistics company which provided with 
data during a whole month.  
 
1.2 The Vehicle Routing Problem, variants and real world applications 
 
During last decades the need for an effective management in distribution systems 
concerning the provision of goods and services has emerged. This has lead to an increasing 
utilization of optimization packages, based on Operations Research and Mathematical 
Programming techniques. It is estimated that the transportation costs might be reduced 
significantly by the use of these computerized techniques (from 5% to 20%). Considering that 
a factor determining the final cost of the goods is the transportation costs, the impact on the 
global economic system is obvious. Operations Research techniques would have no success if 
it weren‟t for two factors: the development of modeling and algorithmic tools and the 
development of computer systems. As distribution systems become more complex, new 
constraints arise. Real-world applications of distribution problems come with special 
characteristics which are being taken into account by the proposed models. Both the hardware 
and software development of the computers with the corresponding algorithms can produce 
good solutions for real-world instances within acceptable computing times. 
In this thesis, problems concerning only the distribution of goods between depots and 
final users (customers) are considered. These problems are generally known as Vehicle 
Routing Problems (VRPs). The model proposed for the solution of vehicle routing problem, 
presented in detail in this thesis, was based on data provided by an existing logistics company. 
Except for the solution of similar problems, this model could be used by different 
transportation systems in order to find a good solution.  
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1.2.1 The Vehicle Routing Problem 
 
G.B. Dantzig and J.H. Ramser (1959) [1] were the first to introduce the VRP more 
than 40 years ago. They described a transportation problem which concerned the delivery of 
gasoline to gas stations. In order to solve the problem they proposed the first mathematical 
programming formulation and algorithmic approach. An improvement over their approach by 
a greedy heuristic was proposed a few years later by G. Clarke and J.V. Wright (1964) [2]. 
Many new models and exact and heuristic algorithms were proposed since based on these two 
projects for the optimal or approximate solution of the different versions of the VRP. As 
mentioned by P.Toth and D.Vigo (2000) [3] “The VRP is concerned with the determination 
of the optimal routes used by a fleet of vehicles, based at one or more depots, to serve a set of 
customers”. The service of a set of customers, in a given time period, by a set of vehicles, 
which are located in one or more depots, are operated by a set of crews (drivers), and move 
through an appropriate road network concerns the distribution of goods. In particular, the 
solution of the VRP determines a set of routes, each performed by a single vehicle so that the 
global transportation cost is minimized. Each vehicle starts and ends at its home depot and all 
the customers‟ demands must be satisfied. The typical characteristics of the routing and 
scheduling problems are described. The main components (road network, customers, depots, 
vehicles, and drivers), the different imposed operational constraints on the construction of the 
routes, and the possible objectives to be achieved in the optimization process are also defined. 
 A graph is generally used to describe the road network through which the goods are 
transferred (fig.1-1). In the graph vertices, arcs and the depot(s) are shown. The depot(s) is 
depicted individually than the other nodes as the start and end of the routes that will be 
produced. The arcs correspond to the road sections connecting vertices and depot(s). The 
vertices represent the customer locations. The graph, according to the arcs, might be directed 
or undirected. This depends on whether the arcs can be traversed in both or only one direction 
(for instance, one way streets at urban networks). A cost is then imposed on each arc, usually 
representing its length, and a travel time, which corresponds to the vehicle type and the period 
during which the arc is traversed.  
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Figure 1-1. The Vehicle Routing Problem finds the minimum cost routes (b) to serve from a depot (a) a set of customers 
(points) geographically distributed1 
 
The VRP models used in real world applications are composed based on the 
customers‟ demands. Different demands mean different constraints for the VRP so it may be 
impossible for a VRP model to solve a different situation. The customers profile varies, 
between bar and restaurants to waste collections and school bus‟ routing. Many times some of 
the customers may be left partially or fully unserved. It is possible that there is a reduction to 
the amount that has to be delivered or collected. To deal with such cases, depending on the 
type of demand, penalties are imposed and customers are assigned with different priorities. 
Typical characteristics of customers are: 
 vertex of the road graph in which the customer is located; 
 demand, possibly of different types, which must be delivered or collected at the 
customer; 
 periods of the day during which the customer can be served; 
 time  required to service each customer, possibly dependent on the vehicle type 
or the type of demand.  
                                                          
1
http://neo.lcc.uma.es/cEA-web/VRP.htm  
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Figure1.2 A route sequence of one vehicle considering disposal operations with multiple disposal sites
2
 
Depots are the start and the end of all routing scheduling (fig.1-2). All possible routes 
created to serve the customers start from and end at the depots. Usually the depots are marked 
different than the customers in graphs. Each depot has its own number and types of vehicles 
(fig.1-3). It also has its shape and its own volume characterized by the total amount of goods 
it can store. Sometimes even the customers are a priori partitioned among the depots but this 
comes from experience and practice. The overall VRP can then be decomposed into several 
independent problems, each associated with a different depot. 
 
Figure1.3 TNT depot at Swindon3 
                                                          
2
Buhrkala K.,Larsena A., Ropke S.2012, The waste collection vehicle routing problem with time 
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At VRPs a fleet of vehicles is used in order to perform the transportation of goods 
through the graph. The size and the characteristics of the fleet can be defined according to the 
customers‟ requirements or is standard considered in real world applications (fig.1-4, fig.1-5). 
Typical characteristics of the vehicles are: 
 home depot of the vehicle; 
 the possibility to end service at place different than the home depot; 
 capacity of the vehicle, expressed as the maximum weight, or volume, or 
number of pallets; 
 possible subdivision of the vehicle into compartments (fig.1-6), each 
characterized by its capacity and by the types of goods that can be carried; 
 devices available for the loading and unloading operations (fig.1-7); 
 subset of arcs of the road graph which can be traversed by the vehicle; 
 cost associated with utilization of the vehicle (per distance unit, per time unit, 
per route, etc.). 
 
 
Figure1.4 Waste collection truck4 
 
 





Institutional Repository - Library & Information Centre - University of Thessaly









Figure1.6 Chemical tunker truck having 1,2,3 or 4 sections6 
                                                          
5
http://www.scania.co.uk/products/trucks/ 
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Figure1.7 A Clark loaded with a pallet7 
Logistics companies hire drivers to operate their vehicles. Occasionally extra drivers 
might be called when their own employees are not enough to fulfill the demands. Usually 
they own their vehicles and get paid depending on the length of the route. The employment 
contracts must satisfy several constraints laid down by union contracts and company 
regulations. In case they are violated either by the company or the employee, penalties are 
assigned to them. Some of these constraints may concern: 
 working periods during the day; 
 number of breaks during service; 
 duration of breaks during service;  
 maximum duration of driving periods; 
 overtime. 
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Depending on the customers‟ and vehicles‟ characteristics and the nature of the 
transported goods, there are operational constraints that must be satisfied in the designed 
routes. Some of them may concern the following: 
 the volume of the transferred load cannot exceed the capacity of the vehicle; 
 the collection, the delivery or both possibilities of the goods can exist for a 
customer on the same route;  
 the time intervals during which the service can take place for each customer; 
 the sequence of service for the customers at each route. 
The VRP comes with an objective of minimization. Many different objectives can be 
considered for the VRP, sometimes even contrasting. Typical objectives are: 
 minimization of the global transportation cost; 
 minimization of the global travel time; 
  minimization of the number of vehicles (or drivers) required to serve all the 
customers; 
 balancing for travel time and vehicle load of the routes; 
 minimization of the penalties associated with partial service of the customers; 
 any combination of these objectives. 
 
1.2.2 Vehicle Routing Problem Variants and real world applications 
 
Since Dantzig and Ramser introduced the VRP, many other mathematical 
formulations and algorithmic approaches have been proposed. With the evolution of logistics 
in real world transportation systems new variants and software packages for the VRP have 
been created. The Capacitated VRP (CVRP) extends the well-known Traveling Salesman 
Problem (TSP). The TSP calls for the determination of a circuit with associated minimum 
cost, visiting exactly once a given set of points. In the CVRP [3] the customers correspond to 
deliveries, the demands are standard, known in advance and may not be split. The vehicles are 
identical and are based at a central depot. Only the capacity restrictions for the vehicles are 
imposed, and the objective is to minimize the total cost needed to serve all the customers.  
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The VRP with Time Windows (VRPTW)[4] is also an extension of the CVRP. It is 
more complex as each customer has also a time interval at which the service must take place. 
The time interval, known as a time window, has an earliest and a latest time limit. The time 
instant at which the vehicles leave the depot, the travel time for each arc and an additional 
service time for each customer are also given. The vehicle can arrive before the earliest time 
but the customer will not be serviced before. In case of early arrival at the location of 
customer, the vehicle generally is allowed to wait until the service time starts. The VRPTW 
has multiple objectives in that the goal is to minimize not only the number of vehicles 
required, but also the total travel time, waiting time, and total travel distance incurred by the 
fleet of vehicles.  
The VRP with Pickup and Delivery(VRPPD) [5], concerns a vehicle fleet which must 
satisfy a set of transportation requests, such us deliveries, pickups or both of them between 
customers. Each request is defined by a pickup point, a corresponding delivery point, and a 
demand to be transported between these locations. The objective function generally 
minimizes system costs. The Multi-Depot VRP (MDVRP) [6] is another variant of the CVRP. 
In the MDVRP the difference is that instead of a single depot, there can be multiple depots in 
the same network, to service the customers‟ demands. Each vehicle must start and end at the 
same depot. The objective of the problem is to determine the tours for the vehicles that serve 
all the orders and minimize the total shipping costs.  
The Split Delivery VRP (SDVRP) [7] is a relaxation of the CVRP. The demand of a 
customer instead of being serviced by a single vehicle can be split and delivered by multiple 
vehicles. The objective is to find a set of least cost delivery routes for a vehicle fleet starting 
at the depot to fully service a set of customers. The Periodic VRP (PVRP) [8] concerns a set 
of customers that must be serviced within a time horizon once or several times. Each 
customer is associated with a visiting schedule. The objective is to minimize the total length 
of the routes travelled by the vehicles on the time horizon. 
In the last 40 years, there have been hundreds of successful applications in dozen of 
industries in numerous countries. The exponential growth in computing power, the emergence 
of accurate and sophisticated geographic information systems (GIS) technology and software 
packages easy to use are key factors to the success of the VRP formulations among logistics 
companies. Some of these real world applications are listed below: 
 Beverages, Food and Drinks distribution 
 Service offshore oil platforms 
 Newspaper distribution 
 Scheduling of postal carriers 
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 Transport of automobiles 
 Solid Waste collection 
 School bus scheduling 
 
1.2.3 The BLS S.A Company 
 
For the needs of this thesis, the proposed formulation needed to be tested for various 
situations in order to check if and how effective it was and if it could be used in real world 
application. The required data were provided by the B.L.S. S.A. company. It is a logistics 
company born in 2013, located in 1
st
 klm Tyrnavos-Kozani, a few kilometers outside the city 
of Larissa, Greece. There is the home depot where the products are stored before transported 
to the customers. It has a vehicle fleet of 8 trucks with different capacities. Although it is a 
new company it already has a considerable network of more than 250 different customers 
spread all over through the municipalities of Larissa, Trikala, Magnisia, Karditsa and Pieria in 
Greece (fig.1-8). The product distribution is prosecuted in a daily basis starting at 5 a.m. 
 
 
Figure 1.8 BLS S.A. customer network8 
 
                                                          
8
Google earth 
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In this chapter an overview of the Vehicle Routing Problem was presented. A short 
definition of the problem was given with the most important variants and the applications of 
them. A brief presentation of the company which provided with the necessary data was also 
given. In the next chapter there will be a literature review on the Vehicle Routing Problem 
with Time Windows. 
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In this chapter a literature review on the Vehicle Routing Problem with Time 
Windows (VRPTW) is presented. A definition for three different applications of the VRPTW 
along with the solution methods for each one will be discussed. Finally there is a comparison 
of each one with the present studied thesis. 
 
2.2 Literature Review 
 
2.2.1 A Multi-objective Vehicle Routing Problem with Soft Time Winnows: The 
Case of a Public Library Distribution System (MIN H., 1991) 
 
 
This paper [9] is concerned with a public library distribution system in Columbus, 
Ohio. Time windows are taken into consideration in order to find the optimal low cost routes 
to satisfy the customers‟ demands. A mixed integer linear formulation is proposed for the 
solution of this case and a size reduction procedure follows next for more complicated 
situations. 
The distribution problem examined in this paper belongs to the vehicle routing 
problem with soft time windows, an np-hard class of problems. The main library of 
Columbus, Ohio deals with a daily distribution of library materials (such as books, tapes, 
mails, etc) to various locations of branch libraries in the metropolitan area of Columbus 
(fig.2-1). This must happen on time and with the lowest possible cost for the library. Because 
of the daily traffic downtown, the distribution cost is better estimated based on the travel time 
than the travelled distance. Usually the distribution starts and ends at the main library, while 
the branch libraries get one delivery at a day.  
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Figure 2.1 Columbus libraries9 
The distribution is made by a driver with a truck. The estimated intermodal time 
between libraries differs from 8 minutes to almost an hour (table 2.1). The driver‟s working 
time must not exceed the 8 hours daily, during which two breaks must take place. 
 1 2 3 4 5 6 7 8 9 10 11 12 
1 -            
2 28 -           
3 51 24 -          
4 12 20 48 -         
5 52 24 28 24 -        
6 28 8 36 12 16 -       
7 36 8 20 24 16 12 -      
8 64 20 4 40 24 32 20 -     
9 24 8 32 16 20 8 12 28 -    
10 36 12 28 24 24 16 12 28 8 -   
11 36 12 28 20 8 8 12 24 12 20 -  
12 20 16 40 12 24 12 20 36 8 12 20 - 
Table 2.1: Estimated intermodal time matrix10 
                                                          
9
http://www.columbuslibrary.org/locations 
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Each library has a different size and audience to service, which means different 
demand to be delivered at each one of them. They work at different time so the opening times 
are not the same (table 2.2). The combination of these operational constraints make pretty 












2 2700 30  8:00-9:00 a.m. 
3 1600 20  9:00-10:00 a.m. 
4 800 10  9:00-10:00 a.m. 
5 950 10  9:00-10:00 a.m. 
6 850 10 11:00 a.m.-noon 
7 450 5 11:00 a.m.-noon 
8 500 5 11:00 a.m.-noon 
9 600 10 11:00 a.m.-noon 
10 800 10 11:00 a.m.-noon 
11 650 10 11:00 a.m.-noon 
12 550 5 11:00 a.m.-noon 
Table 2-3: The size of delivery, unloading time and time window preference at each branch11 
 
For this case a mixed integer linear programming is proposed. The formulation 
requires (n
2
) binary integer variables,(4n-3) continuous variables, and (n
2
+3n+1) constraints 
and with the use of programming software it can produce an exact solution for a problem with 
up to 30 customers. In order to solve greater instances, a size reduction procedure for the 
                                                                                                                                                                      
10
Min H.,1991, A Multiobjective Vehicle Routing Problem with Soft Time Winnows: the Case of 
a Public Library Distribution System, Pergamon press,4 
11
Min H.,1991, A Multiobjective Vehicle Routing Problem with Soft Time Winnows: the Case of 
a Public Library Distribution System, Pergamon press,4 
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problem is then proposed. In this procedure nodes are prioritized according to their time due 
and a solution based on this sequence is produced. 
The most common library policy is reflected on the base line solution. However 
changes in library policy can lead to a change of the model‟s output. The authors explored 
that by changing goal weights to represent possible changes in the library administrator‟s goal 
priority structure. 
Comparing this paper to our project we see that there is a main difference in time 
windows. Because of the nature of goods to be delivered the vehicle routing problem with 
hard time windows is considered while in this paper soft time windows are taken into 
consideration. There is also a significant difference in the size of the problem, as in our case 
there are more trucks, customers and greater demands to be delivered.  
 
2.2.2 Vehicle routing-scheduling for waste collection in Hanoi (Dang Vu   Tung, 
Anulark  Pinnoi, 2000) 
 
      This paper [10] presents an application of waste collection in Hanoi, Vietnam. Time 
intervals are taken into consideration during which customers must be serviced. For the 
solution of this problem a Mixed Integer Linear Programming is proposed followed by a 
heuristics method.  
The objective of these methods is the minimization of the total cost and the vehicles 
used for the collection. 
The concerned problem in this project is the Vehicle Routing and Scheduling 
Problem (VRSP), a NP-hard problem. In the case of Hanoi the company that takes over with 
the waste collection has two vehicles fleet. Each one service 2 to 3 neighborhoods and they 
work independently from each other. Τhe presented VRSP is an extension of the classic VRP, 
with time constraints, capacity constraints and priority constraints (the pickup must take place 
before the delivery).Because of the complexity of the problem heuristics methods are 
proposed for the solution. Contrary to the company‟s policies the heuristics produce routes at 
which the visited nodes and their sequence may differ. 
The proposed heuristic is a combination of finding an optimal solution and then 
optimizing it. The initial solution is an implementation of a greedy approach to find a good 
solution in an appropriate computing time. At the route construction approach two parameters 
are taken into account in order to place a customer (bin) between two neighbor customers 
(bins): the extra distance and the extra time added on the routing. For every new bin between 
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two existing bins those parameters find the optimal place so that the extra time and distance is 
minimized. 
After finding an initial solution the heuristic tries to create a better solution, where 
better means reducing the collection time and the used vehicles. The inter-route 2-op 
exchange is used which removes two arcs, each of which is from a different route, 
decomposing each route into two Portions. It then generates two new arcs connecting the first 





Figure 2.2 A 2-opt exchange on two routes12 
 
 
By the use of the heuristics the authors managed to reduce the use of vehicles by 
20%.Thispapersignificantlydiffersfromourproject. First of all, in our project a delivery 
distribution system is examined while in this one a collection system is considered. Then a 
milp is proposed to solve our problem while in this one the solution is created by a heuristic.  
 
2.2.3 Vehicle routing problem with time-windows for perishable food delivery 
(Chaug-Ing Hsu, Sheng-Feng Hung, Hui-Chieh Li, 2006) 
 
This study [11] is concerned with an application of perishable food delivery. An 
algorithm is proposed to find the solution for this problem considering the existence of time 
intervals during which the service must take place. 
The objective is to find the optimal vehicle routing minimizing the fixed costs of 
dispatching vehicles, transportation, inventory, energy and penalties for violating time 
windows. 
                                                          
12
Tung D., Pinnoi A., 2000,Vehicle routing-scheduling for waste collection in Hanoi, Elsevier ltd,9 
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This problem belongs to the np-hard class of the vehicle routing problem with time 
windows. Perishable, temperature-sensitive food must be delivered from a distribution center, 
to various retailers in a variety of locations. The delivery must take place within delivery 
time-windows imposed by the retailers. This happens using a homogeneous vehicle fleet. 
Because of the nature of the goods to be delivered the vehicles are refrigerated. The type of 
the vehicles also means a higher cost as their fuel consumption is higher than a non-
refrigerated vehicle. The characteristics of perishable food delivery are taken into 
consideration in this study. They include a stochastic travel speed, energy consumed by 
storage equipment and soft time windows constraints. Due to these perishable features, the 
amount of food carried by the vehicle decreases, as spoilage increases: these are defined as 
undeliverable food, due to spoilage. „„Delivery failure‟‟ is defined as the condition where the 
ordered food was not delivered within the appointed time window. In this case the operator 
must pay a penalty cost. In order to prevent such costs extra food is added on the trucks 
before it leaves the distribution center. 
The nature of the goods to be delivered is a critical key to the delivery process. 
Perishable food is highly affected through time and temperature. The products have an 
estimated lifetime of 24 hours. After that they are considered useless and the operator cannot 
sell them. Also they are highly affected by temperature. They are stored in trucks usually at 
18 Celsium degrees.  Outside temperature and long-time open doors at delivery stations may 
affect their quality.  
In this study an algorithm is proposed to find a solution. Soft time windows 
associated with a penalty cost are considered. Also split deliveries are permitted in case where 
the demanded amount is greater than the truck‟s capacity.  After the data are imported the 
distribution center is denoted as the beginning of a route. Then the closest customer is 
determined and this continues until the capacity of the truck is reached. When this happens 
another truck is assigned to a new customer and this continues until all customers are 
satisfied, considering their time windows.  
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The authors tested their algorithm with different numerical examples (table 2.3). The 
results showed that soft time windows gave a better solution than hard time windows using 
fewer vehicles. Inventory and energy costs also must not be ignored as sometimes represented 
37% of the total cost.     
 
  Parameter 
Inventory 










cost 1 2 
Deterministic 
travel time 
With considering the 
loss of food and 
energy cost 
δ3=0 3600 500 549 1530 9000 15,18 
    δ3=0.15 4100 550 556 1557 8250 14,963 
    δ3=0.3 5050 450 568 1639 7500 15,206 
  
Without considering 
the loss of food and 
energy cost 
(δ1,δ2,δ3)=(0.5,0.5,0) 3550 550 585 1597 9000 15,281 
    (δ1,δ2,δ3)=(0.4,0.4,0.2) 4350 650 624 1397 8250 15,27 
    (δ1,δ2,δ3)=(0.3,0.3,0.4) 5550 650 512 1557 7500 15,769 
Stochastic  
travel time 






33% 4% 10% 53% 100% 
Table 2.1 Results from basic models with hard time-windows (unit: NT $)13 
 
  
                                                          
13
Hsu C., Hung S.F., Li H.C.,2006,Vehicle routing problem with time-windows for perishable 
food delivery, Elsevier ltd,9 
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 Revised model 5050         450 619 103 1834 7500 15,453 
 Revised model b 
Route sequences 
4500         500 538 178 1426 6750 13,713 
1 0→35→40→1→30*→24→50 
(16)(26) (56) (32) (14)(42) 
→10→49→46→23→0 
(21) (24) (13) (35) 
600           50 67 16 184 750 1651 
2 0→32→5→42→28→25→ 
(54) (43) (27) (49) (27) 
16→0 
(74) 
750           50 63 0 168 750 1781 
3 0→7→0 
(31) 
50             0 14 0 82 750 896 
4 0→15→11*→6*→12*→13→ 
(58) (63) (74) (46) (22) 
36→0 
(18) 
300         100 49 33 138 750 1337 
5 0→43→-20→14*→27→37→ 
(65) (60) (41) (36) (58) 
26→0 
(23) 
600         100 64 0,4 115 750 1629 
6 0→33→31→38→3→47→2→ 
(16) (17) (61) (31) (66) (32) 
39→29*→0 
(22) (42) 
550           50 69 52 196 750 1615 
7 0→48→21→4*→41*→44→ 
(36 (50) (25) (39) (21) 
17*→19*→0 
(24) (35) 
950           50 97 76 253 750 2100 
8 0→18→34→0 
(54) (51) 
200             0 48 0 105 750 1103 
9 0→9→45→22→8→0 
(67) (72) (61) (71) 
500         100 66 0 186 750 1602 
Table 2.2 Results from revised models with soft time-windows and time-dependent temperature and travel (unit: NT $)14 
 
The application studied in this project is similar to the one that is studied in our thesis. 
But instead of a homogeneous a heterogeneous fleet of vehicles is concerned in our project. 
Also soft time windows are considered while in this thesis hard time windows are 
                                                          
14
Hsu C., Hung S.F., Li H.C.,2006,Vehicle routing problem with time-windows for perishable 
food delivery, Elsevier ltd,10 
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implemented. The objective also differs as in this study minimizes total costs, including 
inventory, travelling, penalty costs while the objective in our project is the minimization of 
the total travelled distance. Finally the solution is obtained through an algorithm while an 




In this chapter a literature review on the VRPTW was presented. Three different 
applications of the same problem were presented along with the proposed solution method for 
each one of them. After that the use of the VRPTW in real life applications is obvious that 
could be very useful for their operators. In the following chapter an integer linear formulation 
is going to be presented along with the operational constraints of an existing logistics 
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 In the previous chapters an overview of the VRP including the most important 
variants was presented. A literature review on the VRPTW was also described. In this chapter 
a mathematical formulation for the VRPTW is going to be described which was used for the 
solution of the case study presented in this thesis.   
 
3.2 Mathematical formulation description 
 
For the solution of the VRPTW an exact formulation was developed. As it happens in 
real life applications, capacity constraints as well as time constraints were taken into account. 
Considering the data from the beginning, as the vehicles‟ capacity, the customers‟ demand 
and time windows and the road network the formulation tries to find a set of solution. If 
possible it finally finds the optimal one. Optimal solution is the one that minimizes the 
objective function. Of course the whole procedure is desired to produce the set of solutions in 
an acceptable time limit. In case of a large data size computers may not find an optimal 
solution or even none solution. In the studied case study the computer was able to find the set 
of solutions and the optimal ones each time. 
The BLS S.A. company provided the necessary data to test our formulation and see if 
it could be applied on it. Seven trucks with different capacities are available for the 
transportation (table 3-1). Because of the nature of goods to be transferred, all vehicles are 
refrigerated. Their size allows travels both in cities and national highways. Examining the 
tachographs for the provided days a travel speed of 60 klm/ hour is imposed on the 
formulation. The unloading procedure is made by clarks. Each clark can load one palette and 
each palette up to 40 boxes. To demands of up to 40 boxes a service time of 5 minutes is 
inserted in the data. An upper service time limit of 30 minutes is also considered. The 
customers are located in municipalities of Larissa, Trikala, Magnisia and Karditsa.Customers‟ 
coordinates, daily demands and time windows during which they must be serviced are shown 
in table 3-2. 
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Table 3.1 trucks capacity 
 








i X[i] Y[i] Hr:min Hr:min Min boxes 
1 39.550386 21.852628 08:00 16:00 19 737 
2 39.615873 22.412209 08:00 12:00 2 2 
3 39.554779 21,772525 08:00 12:00 2 1 
4 39.632780 22.419222 08:00 12:00 4 55 
5 39.705572 21.627691 08:00 12:00 2 1 
6 39.586026 22.059579 08:00 12:00 2 2 
7 39.634184 22.416830 08:00 12:00 2 3 
8 39.634184 22.416830 08:00 12:00 2 3 
9 39.631850 22.412598 08:00 12:00 2 10 
10 39.638211 22.409562 08:00 12:00 2 9 
11 39.703995 21.629387 08:00 12:00 2 3 
12 39.558557 21.757615 08:00 12:00 2 5 
13 39.633693 22.422475 08:00 12:00 2 2 
14 39.704419 21.624581 08:00 12:00 2 10 
Table 3.2 Daily customers data 
 
3.2.1 Mathematical formulation 
 For the solution of our problem we proposed an integer linear programming 
formulation based on the published project by El-Sherbeny N.A (2010) [4]. To our knowledge 
most of the papers concerned with the VRPTW have an identical formulation. The VRPTW is 
given by a fleet of heterogeneous vehicles denoted by K, a set of customers N and a directed 
graph G(V,A). The graph consists of |N|+1 vertices, where the customers are denoted 1, 2..n 
and the depot is represented by the vertex 0 (the driving-out depot). 
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i Node i 
j Node j 
k Vehicle k 
m Depot 
Sets 
N set of customers that have to be serviced 
K set of available vehicles 
V set of vertices of customers and Depots 
A Set of available edges  𝑖, 𝑗 , starting from vertex 𝑖 ∈ 𝑉 
and finishing at vertex 𝑗 ∈ 𝑉(𝑖 ≠ 𝑗) 
G Network of all vertices and all edges (available routes of 
moving between vertices). 
Input parameters 
n Total number of customers. 
l Total number of vehicles. 
𝑑𝑖  Delivery demand of customer located at vertex 𝑖 ∈ 𝑁. 
𝑎𝑖  Earliest time of a time window during which a customer 
𝑖 ∈ 𝑁 can be serviced. 
𝑏𝑖  Latest time of a time window during which a customer 
𝑖 ∈ 𝑁 can be serviced. 
𝑠𝑖  Total time of servicing customer located at vertex 𝑖 ∈ 𝑁. 
𝐶𝑘  Capacity of vehicle 𝑘. 
𝑠𝑙𝑖𝑘  Input parameter which shows if the starting point 
(Depot) of vehicle 𝑘 is Depot 𝑖. 
𝑐𝑖𝑗𝑘  Cost of moving along edge  𝑖, 𝑗 ∈ 𝐴  using vehicle 𝑘 
𝑡𝑖𝑗𝑘  Time of moving along edge  𝑖, 𝑗 ∈ 𝐴  using vehicle 𝑘 
𝑎𝑐𝑘  Average consumption of vehicle 𝑘 ∈ K (in litres/Km). 
𝑚𝑟𝑡 Total travel time for each vehicle (Maximum driver‟s 
shift). 
𝛭 Large constant number. 
Decision Variables 
𝑥𝑖𝑗𝑘  Binary variable. It takes value 1 if vehicle 𝑘 moves 
along edge  𝑖, 𝑗 ∈ 𝐴, 0 otherwise. 
𝑇𝑖𝑘  Time variable which shows the moment that vehicle 
𝑘 ∈ K starts servicing vertex 𝑖 ∈ 𝑉. 
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𝐷𝑖𝑗𝑘  Variable that shows the load of vehicle 𝑘 ∈ K that has to 
be delivered during movement at edge  𝑖, 𝑗 ∈ 𝐴. 
 
 
The mathematical formulation for the VRPTW is the following: 
 




















= 0 ∀i ∈ 𝑉, 𝑘 ∈ 𝐾 3.2.4 
 
𝐷𝑖𝑗𝑘 ≤ 𝐶𝑘 ∗ 𝑥𝑖𝑗𝑘  ∀i, 𝑗 ∈ 𝑉, 𝑘 ∈ K 3.2.5 
 
𝑇𝑖𝑘 + 𝑠𝑖 + 𝑡𝑖𝑗𝑘 − 𝛭(1 − 𝑥𝑖𝑗𝑘 ) − 𝑇𝑗𝑘 ≤ 0 ∀i ∈ 𝑉, 𝑗 ∈ 𝑁, 𝑘 ∈ K 3.2.6 
 
𝑎𝑖 ≤ 𝑇𝑖𝑘 ≤ 𝑏𝑖  ∀i ∈ 𝑉, 𝑘 ∈ K 3.2.7 
 
𝑇𝑖𝑘 ≥ 0 ∀i ∈ 𝑉, k ∈ K 3.2.8 
 
𝑥𝑖𝑗𝑘 𝑏𝑖𝑛𝑎𝑟𝑦 ∀ 𝑖, 𝑗 ∈ 𝐴, 𝑘 ∈ 𝐾 3.2.9 
 
𝐷𝑖𝑗𝑘 ≥ 0 ∀ i, j ∈ A, k ∈ K 3.2.10 
 
3.2.1.1 Explanation of the Objective Function and Constraints 
The Objective Function (3.2.1) aims to minimize the total travel distance that is 
required in order for the vehicles to move between vertices and cover total demand of 
customers. The constraints (3.2.2) ensures that each customer is visited exactly ones. 
Specifically, the transition from any node of the network – customer or depot – to a customer 
will be accomplished exactly once by a vehicle type k. The constraints (3.2.3) ensure that 
each vehicle𝑘 can start from Depot 𝑖 if it is initially located to this vertex. The constraints 
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(3.2.4)ensure the flow conservation. These constraints ensure that when a vehicle type k 
enters a location, it must leave from this location. Constraints (3.2.5) means that no vehicle is 
loaded with more than its capacity allows it to. Constraints (3.2.6) and (3.2.7) are the time 
windows constraints. Constraints (3.2.6) defines the earliest time when a vehicle arrives at a 
destination (customer) in relation to the time a vehicle is located to an origin (depot or 
customer), service time and travel time. Constraints (3.2.7) make sure that the imposed 
customers‟ time windows are observed and the service happen between them. Finally, 
constraints (3.2.8), (3.2.9) and (3.2.10) are the integrality constraints: Decision variable 𝑇𝑖𝑘  is 
positive, Decision variable 𝑥𝑖𝑗𝑘  is binary and Decision variable 𝐷𝑖𝑗𝑘  is positive. 
 
3.2.2 Extensions of the basic VRPTW model 
 
3.2.2.1 The vehicle -permittivity constraint 
 
Considering our case study another instance aroused. This had to do with the size of 
the available vehicles for the distribution process. The vehicle with the largest capacity of the 
company was big enough to not be able to travel at the cities‟ road network. Talking to the 
manager he said that this vehicle is used in order to service customers located outside the 
cities. Usually they are large super markets servicing many more citizens than those located 
downtown, with greater demands to be delivered. As a result the company bought a vehicle 
with an appropriate capacity to service them. 
To deal with this instance two new parameters are inserted in the nomenclature along 




𝑐𝑙𝑖  Binary parameter declaring whether customer 𝑖 ∈ 𝑁  is 
located at the city centre (1 if this happens, 0 otherwise). 
𝑣𝑝𝑘  Binary parameter declaring whether𝑘 ∈ Kis permitted to enter 
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𝑐𝑙𝑖 ∗  𝑥𝑖𝑗𝑘
𝑗∈𝑉
≤ 𝑣𝑝𝑘  𝑖 ∈ 𝑁, 𝑘 ∈ 𝐾 (3.2.12) 
 
With the constraint (3.2.12) the chosen vehicles for the delivery to each customer are 
allowed to enter the city centre only if their size is appropriate. Since the parameters 𝑐𝑙𝑖  and  
𝑣𝑝𝑘  are binary, the decision variable 𝑥𝑖𝑗𝑘  becomes 1 only if both customer i and vehicle k are 
located at the centre of the city or outside it. 
3.2.2.2 Time constraints 
 
Two extra constraints were created and added to our formulation in order to 
correspond to real world applications. The classic VRPTW mathematical model with the two 
added constraints (sub tour elimination (3.2.11) and vehicle permittivity (3.2.12)) created a 
solution but that was still not enough. None of the constraints (3.2.1)-(3.2.12) takes into 
consideration the drivers‟ needs. Employment contracts contain detailed conditions regarding 
to the drivers‟ working time. Specifically drivers must work up to 8 hours daily. Any extra 
working hour must be paid by managers. Overtimes are not desired by managers as they have 
to pay extra money to drivers, meaning extra operational costs for their companies. To 
prevent this from happen a new parameter is inserted to the nomenclature with the 








  (𝑥𝑖𝑗𝑘 ∗
𝑗 ∈𝑉𝑖∈𝑉
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With the use of the constraint (3.2.13) it is easy to limit a route‟s travel time. But 
since any route is performed by a single vehicle this means that the drivers‟ working time is 
also limited. The parameter mrt can take any credit and it is up to the operators‟ choice to 
fracture the total travel time. 
Testing our formulation with the provided data an important notice was made. The 
mathematical model created a deficient solution. In an instance of 21 nodes, each one with the 
corresponding time window, 3 different routes were created. But the credit of the decision 
variable 𝑇𝑖𝑘  coincided with the credit of the latest time window. With a 𝑏𝑖 =16.00 the 
corresponding 𝑇𝑖𝑘  had the exact same credit. This means that the route for this set of 
customers had to end at that moment at that location. But in real life the driver had to return to 
the home depot so that the vehicle would be available for the next days‟ scheduling. The 
formulation was deficient since it did not anticipated the vehicle‟s return time to the depot to 
the driver‟s work shift. 
To prevent this from happen no new parameters or variables were necessary. A new 
constraint was added to the formulation and it was sufficient to create the optimal solution: 
 
Constraint  
𝑇𝑖𝑘 + 𝑠𝑖 + 𝑡𝑖𝑗𝑘 − 𝛭(1 − 𝑥𝑖𝑗𝑘 ) ≤ 𝑏𝑗  ∀i ∈ 𝑁, 𝑗 ∈ 𝑀, 𝑘 ∈ K (3.2.14) 
 
The constraint (3.2.14) is similar to the constraint (3.2.6). With the constraint (3.2.6) 
the decision variable 𝑇𝑖𝑘 took credits considering the sequence nodes were visited. With these 
credits taken for granted the constraint (3.2.14) ensures that the drivers shift does not exceed 
the 8 hours daily. When the last customer I is visited the variable 𝑇𝑖𝑘  will take an accepted 
credit. With the constraint (3.2.14) the variable 𝑇𝑖𝑘  is forced to take an extra credit. Added to 
the service time 𝑠𝑖  and the travel time 𝑡𝑖𝑗𝑘  from this customer to the depot must not exceed 
the depot‟s latest return time𝑏𝑗 . 
 
3.3 Euclidean and real life distances 
 
In the proposed formulation the objective function seeks to minimize the total travel 
cost. In our case cost means distance. So the objective function seeks to minimize the total 
travelled distance in the distribution procedure. First of all we consider the symmetric 
VRPTW. The majority of the customers are located in cities, so concerning straight lines 
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between them could create a good simulation. In this case the distances between nodes 
(customers) are considered as Euclidian distances. The distance between a node i and a node 
jis equivalent to a vector d which connects them, the dij. This means that the distance between 
a node i with coordinates (xi, yi) and a node j with coordinates (xj, yj) is calculated through 
the following equation: 
 
|dij |=   (  xi –  xj  ) + ( yi –  yj) 
After the integration of the computational results the same problem was considered 
but this time real distances were used, computed on Google Maps. The difference between 
Euclidian distances and real life distances could be obvious in the following figure (fig.3-2): 
 
 





In this chapter a detailed integer linear formulation for the VRPTW was presented. The 
classic mathematical model with the objective function and the basic constraints were 
displayed. Furthermore, four extra constraints added to the basic model with their meaning 
                                                          
15
Google maps 
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were featured. Finally, the methods for the calculation of the distances between customers 
were exhibited. In the next chapter the computational results of the new proposed model will 
be displayed. Our formulation tested a data set for 19 days of a random month of 2016 and 
created a set of solutions for each day. The data set was firstly studied considering the 
symmetric VRPTW and then real distances between customers were considered. After the 
results, an analysis and a comparison between the two instances will be displayed. Finally, the 
computational results of our formulation will be compared to the real travelled distance BLS‟ 
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In the previous chapter a presentation and an analysis of the mathematical 
formulation and constraints which solve the VRPTW was presented. In this chapter the results 
of the solution using Euclidean and real life distances are going to be presented.  
 
4.2 Solution methods 
 
The IBM CPLEX Optimization Studio Academic Research Edition 12.5 was used in 
order to get the results for the proposed algorithms. This software package is used for the 
solutions of integer and mixed integer formulations. CPLEX is a combination name of the 
SIMPLEX optimization algorithm which is incorporated in imperative computer programming 
languageC. The mathematical formulation was completed using the programming language 
C++, which is a combination between C and Java programming languages. Also the computer 
programs were developed using Microsoft Visual Studio 2010, an integrated development 
environment (IDE) from Microsoft . 
The algorithms implementation took place at University of Thessaly, Department of 
Mechanical Engineering, Production Management's and Industrial Organization‟s lab. The 
used computer had the following characteristics: 
 Processor: AMD FX(tm) – 8320 Eight – Core Processor 3.50 GHz 
 Installed memory (RAM): 8.00 GB 




Depending on the size of the problem it is obvious that the value of the objective 
function may vary. Small problems may produce the optimal solution in a short time while 
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large problems require more memory space and computing time in order to get the optimal 
solution. Sometimes though depending on the memory space of the used computer not even 
one solution may not be found; in this case <<out of memory>> is displayed on the screen.    
Due to the size of the problem and for reasons of memory space and waiting time of 
simulation, a time limit of 1200 seconds was set in the source code. This limitation leads to 
the fact that the some of the solutions provided might not optimal. Testing each case apart 
from the other within this time limit of the 1200 seconds, a solution with gap smaller than 
25% of the optimal, if not the optimal, was produced. Also, since this project is based on a 
real life instance, talking with the BLS' managers the time limit of 1200 seconds (20minutes) 
is considered acceptable as it does not affect the whole management procedures. 
The results for 19 test days are presented next, first considering Euclidean distances 
and then real distances.  Nodes‟ demands and characteristics are shown at Appendix 2. Travel 
time was calculated dividing distance between (i, j) with the velocity speed (60km/h). The 
total nodes for each day vary between 8 customers to 25. Depot is noted as node 0. The time 
windows also vary. Most of the times customers impose time windows during which the 
delivery must take place. In other cases the time windows are imposed by the company's 
managers so that the delivery process takes an end by a time where the managements' 
procedures for the following day(s) will not be affected.  For each day there will be shown the 
nodes on Google maps, the route followed by a truck, whether this route is optimal or 
not(with the corresponding gap%),the value of the objective function(in klm, rounded up to 
nearest 100)  as well as the computing time(in seconds). All constraints were satisfied. 
 
4.3.1 Results using Euclidean distances 
 
For the calculation of these cases the nodes‟ coordinates were used. The nodes‟ 
coordinates for each day are shown at appendix 3. The distances were calculated by the 
following well known equation, where xi/xj is the longitude and yi/yj is the latitude: 
|dij |=  (  xi –  xj  ) + ( yi –  yj). 
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4.3.1.1 Day 1 
 
During this day 14 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.1.1 Nodes location day 1 
 














































































optimal 33.16 76 
5  0,10,5,12,11,3,1,14,6,0 
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4.3.1.2 Day 2 
 
During this day 8 nodes had to be serviced, located as seen below : 
 
 
Figure 4.3.1.2 Nodes location day 2 
 




































































3.96% 1200 57,15 
4 0,2,1,6,5,8,0 
 
Table 4.3.1.2 Euclidean distance Solution day 2 
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4.3.1.3 Day 3 
 
During this day 22 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.1.3 Nodes location day 3 
 









































































Table 4.3.1.3 Euclidean distance Solution day 3 
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4.3.1.4 Day 4 
 
During this day 17 nodes had to be serviced, located as seen below : 
 
 
Figure 4.3.1.4 Nodes location day 4 
 




































































23,57% 1200 81,72 
7 0,2,8,14,7,9,5,6,4,15,0 
 
Table 4.3.1.4 Euclidean distance Solution day 4 
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4.3.1.5 Day 5 
 
During this day 19 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.1.5 Nodes location day 5 
 








































































Table 4.3.1.5 Euclidean distance Solution day 5 
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4.3.1.6 Day 6 
 
During this day 20 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.1.6 Nodes location day 5 
 




































































12,12% 1200 138,87 5 0,20,11,1,19,17,2,9,18,13,14,7,0 
6 0,6,8,4,5,12,0 
 
Table 4.3.1.6 Euclidean distance Solution day 6 
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4.3.1.7 Day 7 
 
During this day 17 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.1.7 Nodes location day 7 
 




































































2,36% 1200 91,27 
6 0,7,2,1,15,10,14,3,12,9,0 
 
Table 4.3.1.7 Euclidean distance Solution day 7 
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4.3.1.8 Day 8 
 
During this day 21 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.1.8 Nodes location day 8 
 




































































3,03% 1200 92,98 
2 0,13,14,9,6,17,10,4,8,11,16,0 
 
Table 4.3.1.8 Euclidean distance Solution day 8 
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4.3.1.9 Day 9 
 
During this day 25 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.1.9 Nodes location day 9 
 




































































optimal 417,59 98,14 
6 0,2,24,4,18,10,9,1,25,5,23,17,11,20,0 
 
Table 4.3.1.9 Euclidean distance Solution day 9 
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4.3.1.10 Day 10 
 
During this day 11 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.1.10 Nodes location day10 
 




































































optimal 19,29 103,12 
5 0,2,3,0 
 
Table 4.3.1.10 Euclidean distance Solution day 10  
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4.3.1.11 Day 11 
 
During this day 19 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.1.11 Nodes location day 11 
 




































































2,12% 1200 80,76 
5 0,1,5,6,2,15,7,12,4,0 
 
Table 4.3.1.11 Euclidean distance Solution day 11 
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4.3.1.12 Day 12 
 
During this day 23 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.1.12 Nodes location day 12 
 




































































17,08% 1200 104,97 
5 0,2,20,15,13,14,6,19,9,4,21,8,0 
  
Table 4.3.1.12 Euclidean distance Solution day 12 
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4.3.1.13 Day 13 
 
During this day 15 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.1.13 Nodes location day 13 
 




































































optimal 341,19 59,38 
2 0,14,9,7,12,13,2,5,1,6,4,0 
 
Table 4.3.1.13 Euclidean distance Solution day 13  
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4.3.1.14 Day 14 
 
During this day 14 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.1.14 Nodes location day 14 
 




































































optimal 301 100,2 
6 0,7,2,4,11,12,6,0 
 
Table 4.3.1.14 Euclidean distance Solution day 14  
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4.3.1.15 Day 15 
 
During this day 19 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.1.15 Nodes location day 15 
 




































































9,45% 1200 91,72 
6 0,5,13,3,9,19,2,15,17,11,0 
 
Table 4.3.1.15 Euclidean distance Solution day 15 
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4.3.1.16 Day 16 
 
During this day 22 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.1.16 Nodes location day 16 
 





































































11,18% 1200 109,63 3 0,8,22,2,14,20,9,5,17,0 
6 0,1,18,11,19,13,6,10,12,0 
 
Table 4.3.1.16 Euclidean distance Solution day 16 
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4.3.1.17 Day 17 
 
During this day 22 nodes  had to be serviced, located as seen below: 
 
 
Figure 4.3.1.17 Nodes location day 17 
 




































































21,74% 1200 122,85 
5 0,9,1,6,8,22,15,14,2,16,13,19,17,11,10,21,18,4,20,0 
 
Table 4.3.1.17 Euclidean distance Solution day 17 
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4.3.1.18 Day 18 
 
During this day 10 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.1.18 Nodes location day 18 
 




































































optimal 608,12 83,82 5 0,6,8,10,9,1,5,4,3,0 
7 0,7,0 
 
Table 4.3.1.18 Euclidean distance Solution day 18 
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4.3.1.19 Day 19 
 
During this day 20  nodes had to be serviced, located as seen below : 
 
 
Figure  4.3.1.19 Nodes location day 19 
 




































































optimal 824,54 122,29 5 0,9,7,8,16,0 
6 0,6,20,10,17,12,15,0 
 
Table 4.3.1.19 Euclidean distance Solution day 19 
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4.3.2 Results using real distances 
 
Real distances on the current road network were calculated using the 
www.doogal.co.uk/DrivingDistances.phpsite and are shown at Appendix 4. 
 
4.3.2.1 Day 1 
 
During this day 14 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.2.1 Nodes location day 1 


































































optimal 34,17 265,79 
5 0,13,10,5,11,3,1,14,6,0 
 
Table 4.3.2.1 Real distance Solution day 1 
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4.3.2.2 Day 2 
 
During this day 8 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.2.2 Nodes location day 2 
 




































































4,22% 1200 216,44 
4 0,8,2,1,5,6,0 
Table 4.3.2.2 Real distance Solution day 2 
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4.3.2.3 Day 3 
 
During this day 22 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.2.3 Nodes location day 3 
 



































































 1 0,19,20,0 
25,71% 1200 417,15  3 0,17,18,2,3,7,22,8,10,1,5,0 
 4 0,6,16,14,13,21,12,5,9,4,0 
 
Table 4.3.2.3 Real distance Solution day 3 
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4.3.2.4 Day 4 
 
During this day 17 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.2.4 Nodes location day 4 
 




































































26,19% 1200 370,85 
7 0,2,14,7,8,9,5,6,4,15,0 
Table 4.3.2.4 Real distance Solution day 4 
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4.3.2.5 Day 5 
 
During this day 20 nodes had to be serviced, located as seen below: 
 
 
Figure4.3.2.5 Nodes location day 5 
 








































































Table 4.3.2.5 Real distance Solution day 5 
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4.3.2.6 Day 6 
 
During this day 20 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.2.6 Nodes location day 6 
 





































































14,04% 1200 595,44 5 0,13,18,14,9,2,20,11,1,19,17,7,0 
6 0,6,8,4,5,12,0 
Table 4.3.2.6 Real distance Solution day 6 
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4.3.2.7 Day 7 
 
During this day 17 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.2.7 Nodes location day 7 
 





































































2,87% 1200 484 
6 0,4,2,1,15,14,12,0 
 
Table 4.3.2.7 Real distance Solution day 7 
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4.3.2.8 Day 8 
 
During this day 21 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.2.8 Nodes location day 8 
 





































































3,78% 1200 465,32 
2 0,11,14,19,6,17,10,8,16,13,4,0 
Table 4.3.2.8 Real distance Solution day 8 
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4.3.2.9 Day 9 
 
During this day 24 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.2.9 Nodes location day 9 
 




































































optimal 486,19 474,51 
6 0,2,24,4,11,10,3,1,9,25,5,23,17,20,18,0 
 
Table 4.3.2.9 Real distance Solution day 9 
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4.3.2.10 Day 10 
 
During this day 10 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.2.10 Nodes location day 10 
 




































































optimal 23,84 441,71 
5 0,3,2,0 
 
Table 4.3.2.10 Real distance Solution day 10 
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4.3.2.11 Day 11 
 
During this day 19 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.2.11 Nodes location day 11 
 




































































3,79% 1200 298,63 
5 0,1,6,5,15,12,7,4,0 
 
Table 4.3.2.11 Real distance Solution day 11 
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4.3.2.12 Day 12 
 
During this day 23 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.2.12 Nodes location day 12 
 




































































22,15% 1200 468,92 2 0,1,5,10,23,22,,18,7,0, 
5 0,2,13,14,6,4,9,15,19,21,20,8,0 
 
Table 4.3.2.12 Real distance Solution day 12 
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4.3.2.13 Day 13 
 
During this day 15 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.2.13 Nodes location day 13 
 




































































optimal 389,17 338,15 
2 0,12,13,9,7,2,6,14,5,4,1,0 
 
Table 4.3.2.13 Real distance Solution day 13 
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4.3.2.14 Day 14 
 
During this day 14 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.2.14 Nodes location day 14 
 




































































optimal 352,19 565,94 
6 0,4,7,2,11,6,0 
 
Table 4.3.2.14 Real distance Solution day 14 
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4.3.2.15 Day 15 
 
During this day 19 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.2.15 Nodes location day 15 
 




































































10,61% 1200 510,69 
6 0,5,13,3,9,19,2,15,7,11,0 
 
Table 4.3.2.15 Real distance Solution day 15 
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4.3.2.16 Day 16 
 
During this day 22 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.2.16 Nodes location day 16 
 




































































15,62% 1200 514,19 3 0,17,8,2,22,14,20,9,5,0 
6 0,1,12,19,13,6,10,0 
 
Table 4.3.2.16 Real distance Solution day 16 
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4.3.2.17 Day 17 
 
During this day 22 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.2.17 Nodes location day 17 
 





































































23,29% 1200 552,17 
5 0,9,1,6,8,22,15,14,2,16,13,19,17,11,10,21,18,4,20,0 
 
Table 4.3.2.17 Real distance Solution day 17 
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4.3.2.18 Day 18 
 
During this day 10 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.2.18 Nodes location day 18 
 





































































optimal 617.19 297,83 5 0,6,3,8,10,9,4,1,5,0 
7 0,7,0 
Table 4.3.2.18 Real distance Solution day 18 
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4.3.2.19 Day 19 
 
 During this day 20 nodes had to be serviced, located as seen below: 
 
 
Figure 4.3.2.19 Nodes location day 19 
 




































































optimal 862.29 578,65 5 0,7,8,9,16,0 
6 0,20,10,17,12,15,6,0 
 
Table 4.3.2.19 Real distance Solution day 19 
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In this chapter the results of the VRPTW source code were presented. The methods 
for the Euclidean and real distances were described. For each day a figure of the map with the 
corresponding nodes was given as well as the solutions generated by CPLEX. In the next and 
final chapter a comparison between the two methods will be given. Differences and 
divergences between them will be explained. Eventually, the generated distances will be 
compared to the corresponding data by the providing company in order to get to a conclusion 
whether or not this model could be applied successfully in the real world. Advantages or 
disadvantages of each method will be referred. Finally, author‟s notes for future work on the 
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In Chapter 4 the solution methods along with the results for each method were 
presented with details. In this chapter those results will be compared to each other, differences 
will be explained and finally a comparison to the providing data will be made. Advantages 
and disadvantages of those two methods will be discussed as well as extensions based on the 
results, seeking applications in real life. Finally, authors‟ suggestions about extensions on the 
proposed model are going to be cited for future work. 
 
5.2 Results Analysis 
 
Every solution contains the number and type of used trucks, the type of solution 
(whether it is on optimal or a feasible solution), the corresponding CPU time (seconds) and 
the objective value (kilometers). In case of feasible solutions a percentage (%) to the optimal 
solution is given (gap). Also, due to the data‟s volume a time limit of 1200 seconds was 
induced to the code terminating it and displaying the solution so far with the command 
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Distance Euclidean Real Euclidean Real Euclidean Real Euclidean Real 
day 1 2 2 optimal optimal 33.16 34.17 76 265,79 
day 2 2 2 3.96% 4.22% 1200 1200 57,15 216,44 
day 3 2 3 19.72% 25.71% 1200 1200 93,78 417,15 
day 4 2 2 23.57% 26.19% 1200 1200 81,72 370,85 
day 5 4 4 12.48% 15.59% 1200 1200 122,87 505,9 
day 6 3 3 12.12% 14.04% 1200 1200 138,87 595,44 
day 7 2 2 2.36% 2.87% 1200 1200 91,27 484 
day 8 2 2 3.03% 3.78% 1200 1200 92,98 465,32 
day 9 2 2 optimal optimal 417.59 486.19 98,14 474,51 
day 10 2 2 optimal optimal 19.29 23.84 103,12 441,71 
day 11 2 2 2.12% 3.79% 1200 1200 80,76 298,63 
day 12 2 3 17.08% 22.15% 1200 1200 104,97 468,92 
day 13 2 2 optimal optimal 341.19 389.17 59,38 338,15 
day 14 2 2 optimal optimal 301 352.19 100,2 565,94 
day 15 2 2 9.45% 10.61% 1200 1200 91,72 510,69 
day 16 3 3 11.18% 15.62% 1200 1200 109,63 514,69 
day 17 2 2 21.74% 23.29% 1200 1200 122,85 552,17 
day 18 3 3 optimal optimal 608.12 617.19 83,82 297,83 
day 19 3 3 optimal optimal 824.54 862.29 122,29 578,65 
         
Table 5.1: Results for 19 days 
 
Looking at the results first of all we see that there is a great difference between 
objective values for each day. These values are actually the distances that must be travelled 
each day by trucks. Since there are such great differences no comparisons could be made 
between the two methods. In order to draw safer conclusions the generated sequences were 
transferred on Google maps seeking for the corresponding real distances to be travelled. The 
comparison between those two can be seen in Table 5.2: 
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Distance Euclidean Real % 
day 1 261,13 265,79 1,75% 
day 2 208,08 216,44 3,86% 
day 3 315,72 417,15 24,31% 
day 4 331,23 370,85 10,68% 
day 5 335,98 505,9 33,59% 
day 6 447,57 595,44 24,83% 
day 7 564,02 484 -16,53% 
day 8 444,45 465,32 4,49% 
day 9 425,75 474,51 10,28% 
day 10 381,54 441,71 13,62% 
day 11 319,62 298,63 -7,03% 
day 12 350,75 468,92 25,20% 
day 13 314,57 338,15 6,97% 
day 14 511,76 565,94 9,57% 
day 15 505,86 510,69 0,95% 
day 16 467,52 514,69 9,16% 
day 17 408,67 552,17 25,99% 
day 18 295,51 297,83 0,78% 
day 19 542,07 578,65 6,32% 
Table 5.2: Euclidian vs real distance 
 
As seen most of days Euclidean distances generate a better solution except from days 
7 and 11. Also when CPLEX produces an optimal solution (days 1, 9, 10, 13, 14, 18, 19) 
Euclidean distances produce always a better solution. The total distance to be travelled for 
days 1-19 equals to 7431, 8 klm for Euclidean distances and 8362, 78 klm for real distances. 
The corresponding actual travelled distance provided by BLS equals to above 11000 klm. As 
their managers said daily trips were organized based on their experience and only. It is 
obvious that both methods produce a better solution for that set of data. But the difference is 
great enough to affect someone to choose between them. Since management is not 
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mathematically organized, someone could use Euclidean distances to get a plan of his daily 
program. But if someone wanted an actual organized schedule for his delivery management 
should use real distances. In our case study real distances produced a better solution by 
11.1%. This improvement could be used by the company in several ways. First of all 11.1% 
improvements in total travelled distance means less fuel consumed by trucks. Considering an 
average fuel consumption of   14 lt/ klm per truck this improvement equals to over 10000 
Euros. Also the improvement is depicted on travel time too. The manager could use this on 
the employees‟ contracts. Instead of hiring them with a standard fee per month, he could pay 
them per hour according to the plan he made.  
 
5.3 Authors Suggestions for future work 
 
Looking at the solutions day by day, we came to a simple realization. For every day the 
groups of travelled nodes were the same. That intrigued our curiosity coming to a conclusion. 
Looking typically at figure 5.2.1 below we see the location of the nodes to be visited: 
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The solution gave us these groups of nodes (figure 5.2.2): 
 
 
Figure 5.2.2 Groups of nodes to be serviced generated after the solution 
 
For every day a similar way of groups was generated. That could be explained 
looking at the coordinates of the nodes. Nodes in the same area are partitioned together (if the 
constraints are satisfied) and travelled by the same truck. So, if we could separate those nodes 
in groups from the beginning according to their coordinates a better solution, more accurate 
and much faster in less CPU time may be generated. Possible future study could be made on 
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CHAPTER 6 Appendixes 
Appendix 6.1: Source code for the CVRPTWSPD 
 
/* Problem Description: Minimizing the total cost of servicing all customers using 





int main() { 
  // Data 
 int             i,j,k; // i,j: pointer of points, k: pointer of vehicles 
 const int       imax=62; // max points 
 const int       jmax=62; // max points 
 const int  kmax=6;  // max vehicles 
 int  m,n,l; // m: number of depots, n: number of customers, l: number of 
vehicles 
 const int  M=5000; // M: big number 
 double          x[imax], y[imax];          // x[imax]: longtitude, y[imax]: 
latitude  
 int  d[imax]; // Table of delivery demand of points 
 int  p[imax]; // Table of pickup demand of points 
 int  a[imax],b[imax]; // Table of earliest and latest time within time 
window 
 int  s[imax];  // Table of service time of customers 
 float  C[kmax]; // Table of capacity of vehicles 
 float  c[imax][jmax][kmax]; // Table of cost required for moving from a point i to 
point j using vehicle k 
int  t[imax][jmax][kmax];    // Table of time required for moving from a point i 
to point j using vehicle k 
 bool  dr[imax]; // Table of demand of refrigerator of customers 
 bool  r[kmax];  // Table of availiability of refrigerator at vehicles 
 bool  cl[imax];  // Table of location of customers (center or not) 
 bool  vp[kmax]; // Table of permitivity of vehicles to enter center locations 
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 int  sltemp[kmax]; // Table of starting depot of vehicle k 
 bool  sl[imax][kmax]; // Table of starting depot of vehicle k (binary 
values) 
 float  ac[kmax]; // Table of average consumption of vehicle k (lt/km) 
 bool  pvtw,pvpd,pvsd,pvsc; // Parameter Values defining VRP Category 
 int  mrt=480; // Maximum Routing Travel Time per driver 
 const double  PI=3.14159265358979323846;  // constant of a circle 
 const int  earth=6371;    // earth radius in Km 
 const int vel=60; // velocity in Km/h 
 double temp1,temp2 // ancillary variables 
 short int  ar;  // ar:counter showing a file 
 const int  armax=5; // total number of .txt files 
 char*  filename[armax]; // path of files   













 //Import of Data about Depot and Customers 
filename[0]="C:/Users/user/Desktop/Afroditi/Coding/0 Problem Size.txt"; 
filename[1]="C:/Users/user/Desktop/Afroditi/1 Depots Data.txt"; 
filename[2]="C:/Users/user/Desktop/Afroditi/2 Customers Data.txt"; 
filename[3]="C:/Users/user/Desktop/Afroditi/3 Vehicles Data.txt"; 
filename[4]="C:/Users/user/Desktop/Afroditi/4 VRP Category.txt"; 
for (ar=0;ar<armax;ar++){  
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cout<<"m="<<m<<" "<<"n="<<n<<" "<<"l="<<l<<endl; 
}  
else if (ar==1){ 

























Institutional Repository - Library & Information Centre - University of Thessaly
09/12/2017 13:05:15 EET - 137.108.70.7
97 
 
















cout<<"k="<<k<<" "<<"C="<<C[k]<<" "<<"i="<<i<<" "<<"sl="<<sl[i][k]<<endl; 
} 
} 








//Calculation of euclidean distances between locations of all customers/depots, 
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IloModel model (env); 
typedef IloArray<IloNumVarArray> IloNumVarMatrix2x2; 
typedef IloArray<IloNumVarMatrix2x2> IloNumVarMatrix3x3; 
typedef IloArray<IloNumVarMatrix3x3> IloNumVarMatrix4x4; 
typedef IloArray<IloRangeArray> IloRangeMatrix2x2; 
typedef IloArray<IloRangeMatrix2x2> IloRangeMatrix3x3; 
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//Constraint 2 (3) 
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if (pvtw==1) { 
//Constraint 6 (9) 
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if (pvpd==1) {  
if (pvsd==0) { 
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if (pvsd==1) { 
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if (pvpd==1) { 
//Constraint 15 (19) 
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}   



















}   
} 
if (pvsc==1) { 
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//Objective Function: Minimization of total cost 
IloExpr expr1(env); 
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// Print results 
if (!cplex.solve ()){ 
env.error()<<"Faild to optimize LP."<<endl; 
throw(-1); 
} 
env.out()<<"Is solution Optimal? = " <<cplex.getStatus()<<endl; 
env.out()<<"Solution value = " <<cplex.getObjValue()<<endl; 




float g1 = cplex.getValue(xijk[i][j][k]); 
float g2 = cplex.getValue(Dijk[i][j][k]); 
if (g1!=0) { 
cout<<"xijk"<<"("<<i<<","<<j<<","<<k<<")"<<"="<<g1<<" & " 
<<"Dijk"<<"("<<i<<","<<j<<","<<k<<")"<<"="<<g2; 
if (pvpd==1){ 
float g3 = cplex.getValue(Pijk[i][j][k]); 
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cout<<" & "<<"Pijk"<<"("<<i<<","<<j<<","<<k<<")"<<"="<<g3; 
} 
if (pvtw==1){ 
float g4 = cplex.getValue(Tik[i][k]); int g5 = g4 /60; int g6= g4-g5*60; 




cout<<endl<<"At customer "<<i<<" vehicle "<<k<<" delivers 
d"<<"("<<i<<")"<<"="<<d[i]; 
if (pvpd==1){ 






float g7 = cplex.getValue(ydik[i][k]); 
cout<<endl<<"(SDVRP) At customer "<<i<<" vehicle "<<k<<" delivers 
ydik"<<"("<<i<<","<<k<<")"<<"="<<g7; 
if (pvpd==1){ 
float g8 = cplex.getValue(ypik[i][k]); 
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float g4 = cplex.getValue(Tik[i][k]); int g5 = g4 /60; int g6= g4-g5*60; 






catch ( IloException& e){ 
cerr << "concert exception caught:"<<e<<endl; 
} 
catch (...){ 
cerr<<"Unknown exception caught" <<endl; 
} 
env.end(); 
system ("pause")  return 0; 
 } 
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Appendix 6.2: Daily Customers Characteristics 
 
Number 
Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
i a[i] b[i] s[i] d[i] 
1 07 00 15 00 15 218 
2 12 00 15 00 5 2 
3 07 00 15 00 5 1 
4 12 00 15 00 10 55 
5 07 00 15 00 5 1 
6 07 00 15 00 5 2 
7 12 00 15 00 5 3 
8 12 00 15 00 5 10 
9 12 00 15 00 5 9 
10 07 00 15 00 5 3 
11 07 00 15 00 5 5 
12 12 00 15 00 5 2 
13 07 00 15 00 5 10 
14 07 00 15 00 5 41 
Table 6.2.1 Customers characteristics day 1 
 
Number 
Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
i a[i] b[i] s[i] d[i] 
1 07 00 10 00 5 2 
2 07 00 10 00 30 552 
3 07 00 09 00 5 8 
4 07 00 09 00 20 507 
5 07 00 10 00 5 1 
6 07 00 10 00 5 5 
7 07 00 09 00 5 1 
8 07 00 10 00 5 10 
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Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
i a[i] b[i] s[i] d[i] 
1 07 00 15 00 10 73 
2 07 00 15 00 5 48 
3 07 00 15 00 15 300 
4 07 00 15 00 15 431 
5 07 00 15 00 5 10 
6 07 00 15 00 5 9 
7 07 00 15 00 5 43 
8 07 00 15 00 5 11 
9 07 00 15 00 5 32 
10 07 00 15 00 5 41 
11 07 00 15 00 5 11 
12 07 00 15 00 5 18 
13 07 00 15 00 5 24 
14 07 00 15 00 5 41 
15 07 00 15 00 5 32 
16 07 00 15 00 5 2 
17 07 00 15 00 5 29 
18 07 00 15 00 5 28 
19 07 00 15 00 5 27 
20 07 00 15 00 5 66 
21 07 00 15 00 5 13 
22 07 00 15 00 5 77 
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Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
i a[i] b[i] s[i] d[i] 
1 07 00 15 00 5 3 
2 07 00 15 00 5 3 
3 07 00 15 00 15 168 
4 07 00 15 00 5 42 
5 07 00 15 00 5 10 
6 07 00 15 00 5 11 
7 07 00 15 00 5 10 
8 07 00 10 00 5 81 
9 07 00 10 00 5 6 
10 07 00 10 00 5 20 
11 07 00 10 00 5 20 
12 07 00 10 00 5 9 
13 07 00 10 00 5 14 
14 07 00 10 00 5 7 
15 07 00 10 00 5 16 
16 07 00 15 00 5 10 
17 07 00 10 00 5 10 
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Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
i a[i] b[i] s[i] d[i] 
1 07 00 15 00 5 2 
2 07 00 15 00 5 156 
3 07 00 15 00 10 433 
4 07 00 15 00 5 69 
5 07 00 15 00 20 379 
6 07 00 15 00 5 40 
7 07 00 15 00 5 12 
8 07 00 15 00 10 83 
9 07 00 15 00 5 76 
10 07 00 15 00 10 114 
11 07 00 15 00 10 102 
12 07 00 15 00 5 20 
13 07 00 15 00 5 73 
14 07 00 15 00 5 5 
15 07 00 15 00 5 62 
16 07 00 15 00 10 120 
17 07 00 15 00 10 132 
18 07 00 15 00 10 161 
19 07 00 15 00 5 6 
20 07 00 15 00 5 22 
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Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
i a[i] b[i] s[i] d[i] 
1 07 00 15 00 5 6 
2 07 00 15 00 10 289 
3 07 00 15 00 5 5 
4 07 00 15 00 5 16 
5 07 00 15 00 5 85 
6 07 00 15 00 5 262 
7 07 00 15 00 5 44 
8 07 00 15 00 5 7 
9 07 00 15 00 5 61 
10 07 00 15 00 5 28 
11 07 00 15 00 5 111 
12 07 00 15 00 5 180 
13 07 00 15 00 5 10 
14 07 00 15 00 10 117 
15 07 00 15 00 10 83 
16 07 00 15 00 5 6 
17 07 00 15 00 10 222 
18 07 00 15 00 5 63 
19 07 00 15 00 10 73 
20 07 00 15 00 5 8 
Table 6.2.6 Customers characteristics day 6 
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Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
2 07 00 15 00 10 228 
3 07 00 15 00 19 162 
4 07 00 15 00 5 8 
5 07 00 12 00 10 361 
6 07 00 12 00 5 6 
7 07 00 12 00 5 70 
8 07 00 12 00 5 8 
9 07 00 12 00 5 1 
10 07 00 15 00 5 5 
11 07 00 12 00 5 1 
12 07 00 15 00 5 9 
13 07 00 12 00 10 104 
14 07 00 15 00 5 1 
15 07 00 15 00 5 1 
16 07 00 12 00 5 11 
17 07 00 12 00 5 3 
Table 6.2.7 Customers characteristics day 7 
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Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
i a[i] b[i] s[i] d[i] 
1 07 00 15 00 5 29 
2 07 00 15 00 5 14 
3 07 00 15 00 5 12 
4 07 00 15 00 5 15 
5 07 00 15 00 5 4 
6 07 00 15 00 5 7 
7 07 00 15 00 5 5 
8 07 00 15 00 5 8 
9 07 00 15 00 5 8 
10 07 00 15 00 5 20 
11 07 00 15 00 5 10 
12 07 00 15 00 5 4 
13 07 00 15 00 5 5 
14 07 00 15 00 5 10 
15 07 00 15 00 5 21 
16 07 00 15 00 5 2 
17 07 00 15 00 5 4 
18 07 00 15 00 5 77 
19 07 00 15 00 5 63 
20 07 00 15 00 5 2 
21 07 00 15 00 5 25 
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Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
i a[i] b[i] s[i] d[i] 
1 07 00 15 00 5 26 
2 07 00 15 00 5 24 
3 07 00 15 00 5 2 
4 07 00 15 00 5 82 
5 07 00 15 00 5 2 
6 07 00 15 00 56 67 
7 07 00 15 00 5 43 
8 07 00 15 00 5 29 
9 07 00 15 00 5 5 
10 07 00 15 00 5 33 
11 07 00 15 00 5 47 
12 07 00 15 00 5 31 
13 07 00 15 00 5 29 
14 07 00 15 00 5 75 
15 07 00 15 00 5 40 
16 07 00 15 00 5 39 
17 07 00 15 00 5 34 
18 07 00 15 00 5 70 
19 07 00 15 00 5 9 
20 07 00 15 00 5 20 
21 07 00 15 00 5 75 
22 07 00 15 00 5 113 
23 07 00 15 00 5 35 
24 07 00 15 00 5 38 
25 07 00 15 00 5 105 
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Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
i a[i] b[i] s[i] d[i] 
1 07 00 15 00 5 1 
2 07 00 15 00 30 1298 
3 07 00 15 00 5 62 
4 07 00 15 00 5 36 
5 07 00 15 00 5 3 
6 07 00 15 00 5 1 
7 07 00 15 00 5 1 
8 07 00 15 00 5 1 
9 07 00 15 00 5 7 
10 07 00 15 00 5 1 
11 07 00 15 00 5 3 
Table 6.2.10 Customers characteristics day 10 
 
Number 
Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
i a[i] b[i] s[i] d[i] 
1 07 00 15 00 5 11 
2 07 00 15 00 5 13 
3 07 00 15 00 5 1 
4 07 00 15 00 5 31 
5 07 00 15 00 5 17 
6 07 00 15 00 5 4 
7 07 00 15 00 5 128 
8 07 00 15 00 5 24 
9 07 00 15 00 5 46 
10 07 00 15 00 5 2 
11 07 00 15 00 5 4 
12 07 00 15 00 5 13 
13 07 00 15 00 5 1 
14 07 00 15 00 5 37 
15 07 00 15 00 5 1 
16 07 00 15 00 5 8 
17 07 00 15 00 5 2 
18 07 00 15 00 5 13 
19 07 00 15 00 5 12 
Table 6.2.11 Customers characteristics day 11 
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Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
i a[i] b[i] s[i] d[i] 
1 07 00 15 00 5 3 
2 07 00 15 00 5 25 
3 07 00 15 00 5 2 
4 07 00 15 00 5 344 
5 07 00 15 00 5 1 
6 07 00 15 00 5 43 
7 07 00 15 00 5 170 
8 07 00 15 00 5 486 
9 07 00 15 00 5 61 
10 07 00 15 00 5 3 
11 07 00 15 00 5 1 
12 07 00 15 00 5 2 
13 07 00 15 00 5 3 
14 07 00 15 00 5 17 
15 07 00 15 00 5 51 
16 07 00 15 00 5 22 
17 07 00 15 00 5 5 
18 07 00 15 00 5 8 
19 07 00 15 00 5 59 
20 07 00 15 00 5 111 
21 07 00 15 00 5 32 
22 07 00 15 00 5 3 
23 07 00 15 00 5 38 
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Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
i a[i] b[i] s[i] d[i] 
1 07 00 15 00 5 4 
2 07 00 15 00 5 1 
3 07 00 15 00 5 50 
5 07 00 15 00 5 1 
6 07 00 15 00 5 205 
7 07 00 15 00 5 2 
8 07 00 15 00 5 108 
9 07 00 15 00 5 20 
10 07 00 15 00 5 7 
11 07 00 15 00 5 1 
12 07 00 15 00 5 2 
13 07 00 15 00 5 14 
14 07 00 15 00 5 1 
15 07 00 15 00 5 1 
Table 6.2.13 Customers characteristics day 
 
Number 
Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
i a[i] b[i] s[i] d[i] 
1 07 00 15 00 5 294 
2 07 00 15 00 5 250 
3 07 00 15 00 5 2 
4 07 00 15 00 5 1 
5 07 00 15 00 5 2 
6 07 00 15 00 5 39 
7 07 00 15 00 5 47 
8 07 00 15 00 5 62 
9 07 00 15 00 5 12 
10 07 00 15 00 5 1 
11 07 00 15 00 5 20 
12 07 00 15 00 5 25 
13 07 00 15 00 5 4 
14 07 00 15 00 5 1 
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Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
i a[i] b[i] s[i] d[i] 
1 07 00 15 00 5 603 
2 07 00 15 00 5 21 
3 07 00 15 00 5 40 
4 07 00 15 00 5 34 
5 07 00 15 00 5 55 
6 07 00 15 00 5 52 
7 07 00 15 00 5 36 
8 07 00 15 00 5 51 
9 07 00 15 00 5 10 
10 07 00 15 00 5 61 
11 07 00 15 00 5 94 
12 07 00 15 00 5 217 
13 07 00 15 00 5 29 
14 07 00 15 00 5 117 
15 07 00 15 00 5 34 
16 07 00 15 00 5 71 
17 07 00 15 00 5 114 
18 07 00 15 00 5 64 
19 07 00 15 00 5 76 
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Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
i a[i] b[i] s[i] d[i] 
1 07 00 15 00 5 39 
2 07 00 15 00 10 154 
3 07 00 15 00 5 49 
4 07 00 15 00 5 41 
5 07 00 15 00 5 10 
6 07 00 15 00 5 66 
7 07 00 15 00 5 16 
8 07 00 15 00 5 54 
9 07 00 15 00 5 12 
10 07 00 15 00 5 33 
11 07 00 15 00 5 47 
12 07 00 15 00 5 19 
13 07 00 15 00 5 28 
14 07 00 15 00 5 61 
15 07 00 15 00 5 29 
16 07 00 15 00 5 57 
17 07 00 15 00 5 23 
18 07 00 15 00 5 73 
19 07 00 15 00 5 55 
20 07 00 15 00 5 41 
21 07 00 15 00 5 32 
22 07 00 15 00 5 70 
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Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
i a[i] b[i] s[i] d[i] 
1 07 00 15 00 5 381 
2 07 00 15 00 5 2 
3 07 00 15 00 5 3 
4 07 00 15 00 5 256 
5 07 00 15 00 5 18 
6 07 00 15 00 5 2 
7 07 00 15 00 5 134 
8 07 00 15 00 5 12 
9 07 00 15 00 5 6 
10 07 00 15 00 5 13 
11 07 00 15 00 5 23 
12 07 00 15 00 5 18 
13 07 00 15 00 5 5 
14 07 00 15 00 5 8 
15 07 00 15 00 5 10 
16 07 00 15 00 5 6 
17 07 00 15 00 5 5 
18 07 00 15 00 5 19 
19 07 00 15 00 5 21 
20 07 00 15 00 5 125 
21 07 00 15 00 5 5 
22 07 00 15 00 5 29 
Table 6.2.17 Customers characteristics day 17 
Number 
Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
i a[i] b[i] s[i] d[i] 
1 07 00 15 00 5 6 
2 07 00 15 00 5 93 
3 07 00 15 00 5 14 
4 07 00 15 00 5 156 
5 07 00 15 00 5 503 
6 07 00 15 00 5 96 
7 07 00 15 00 5 1401 
8 07 00 15 00 5 129 
9 07 00 15 00 5 8 
10 07 00 15 00 5 12 
Table 6.2.18 Customers characteristics day 18 
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Earliest time Latest time Service Time** 
(minutes) 
Delivery 
Demand hours minutes hours minutes 
i a[i] b[i] s[i] d[i] 
1 07 00 15 00 5 7 
2 07 00 15 00 5 8 
3 07 00 15 00 5 13 
4 07 00 15 00 5 27 
5 07 00 15 00 5 26 
6 07 00 15 00 5 77 
7 07 00 15 00 5 28 
8 07 00 15 00 5 30 
9 07 00 15 00 5 27 
10 07 00 15 00 5 205 
11 07 00 15 00 5 18 
12 07 00 15 00 5 35 
13 07 00 15 00 5 20 
14 07 00 15 00 5 78 
15 07 00 15 00 5 11 
16 07 00 15 00 5 72 
17 07 00 15 00 5 68 
18 07 00 15 00 5 18 
19 07 00 15 00 5 10 
20 07 00 15 00 5 58 
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Appendix 6.3: Daily Nodes Coordinates 
 
 
Table 6.3.1 Nodes Coordinates day 1  
 
 
Number Latitude Longitude 
i x[i] y[i] 
1 39.556523 21.767195 
2 39.550386 21.852628 
3 39.606062 22.441941 
4 39.634723 22.407994 
5 39.553318 21.767826 
6 39.557369 21.765866 
7 39.637283 22.419164 
8 39.365238 21.917458 




Number Latitude Longitude 
i x[i] y[i] 
1 39.550386 21.852628 
2 39.615873 22.412209 
3 39.554779 21.772525 
4 39.632780 22.419222 
5 39.705572 21.627691 
6 39.586026 22.059579 
7 39.634184 22.416830 
8 39.631850 22.412598 
9 39.638211 22.409562 
10 39.703995 21.629387 
11 39.558557 21.757615 
12 39.633693 22.422475 
13 39.704419 21.624581 
14 39.366949 21.926901 
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Number Latitude Longitude 
i x[i] y[i] 
1 39.366730 21.953298 
2 39.550386 21.852628 
3 39.524348 21.716621 
4 39.629296 22.459597 
5 39.467308 22.083709 
6 39.745481 22.357794 
7 39.402243 21.896123 
8 39.364808 21.922952 
9 39.633048 22.437515 
10 39.366365 21.928506 
11 39.586026 22.059579 
12 39.646328 22.418632 
13 39.634184 22.416830 
14 39.632918 22.408412 
15 39.638072 22.430546 
16 39.638211 22.409562 
17 39.704083 21.626321 
18 39.561063 21.769897 
19 39.894448 22.192310 
20 39.735932 22.282589 
21 39.636675 22.418041 
22 39.365238 21.917458 
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Number Latitude Longitude 
i x[i] y[i] 
1 39.366730 21.953298 
2 39.739102 22.288032 
3 39.550386 21.852628 
4 39.606062 22.441941 
5 39.633105 22.437490 
6 39.614110 22.432875 
7 39.639806 22.422647 
8 39.632780 22.419222 
9 39.632972 22.426896 
10 39.706465 21.621850 
11 39.566968 21.750525 
12 39.548852 21.771524 
13 39.561063 21.769897 
14 39.637711 22.420953 
15 39.713652 22.752049 
16 39.540449 21.747082 
17 39.542090 21.758099 
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Number Latitude Longitude 
i x[i] y[i] 
1 39.364097 21.921411 
2 39.739102 22.288032 
3 39.550386 21.852628 
4 39.638981 22.419155 
5 39.633105 22.437490 
6 39.629296 22.459597 
7 39.362222 22.941887 
8 39.633048 22.437515 
9 39.634184 22.416830 
10 39.631850 22.412598 
11 39.638211 22.409562 
12 39.566968 21.750525 
13 39.633693 22.422475 
14 39.561063 21.769897 
15 39.894448 22.192310 
16 39.622150 22.392862 
17 39.636675 22.418041 
18 40.067015 22.051781 
19 39.654556 22.435940 
20 39.607002 22.432930 
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Number Latitude Longitude 
i x[i] y[i] 
1 39.366730 21.953298 
2 39.550386 21.852628 
3 39.606062 22.441941 
4 39.633105 22.437490 
5 39.637250 22.419130 
6 39.803748 22.491420 
7 39.880628 22.178648 
8 39.633048 22.437515 
9 39.553368 21.768053 
10 39.367957 22.959126 
11 39.586026 22.059579 
12 39.634717 22.417419 
13 39.706637 21.622153 
14 39.704083 21.626321 
15 39.297343 22.384492 
16 39.622150 22.392862 
17 39.363908 21.918061 
18 39.704419 21.624581 
19 39.363979 21.925528 
20 39.588609 22.061839 
Table 6.3.6 Nodes Coordinates day 6 
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Number Latitude Longitude 
2 39.504745 22.639471 
3 39.550386 21.852628 
4 39.606062 22.441941 
5 39.634723 22.407994 
6 39.632606 22.396247 
7 39.803748 22.491420 
8 39.630752 22.450405 
9 39.737111 22.284964 
10 39.367961 21.921529 
11 39.637283 22.419164 
12 39.702488 21.628037 
13 39.636675 22.418041 
14 39.358231 21.912089 
15 39.363496 21.925328 
16 39.634782 22.402862 
17 39.607002 22.432930 
Table 6.3.7 Nodes Coordinates day 7 
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Number Latitude Longitude 
i x[i] y[i] 
1 39.369661  22.943682 
2 39.351465  22.992203 
3 39.295649 22.384504 
4 39.631530 22.446407 
5 39.755977 22.479995 
6 39.638981 22.419155 
7 39.467308 22.083709 
8 39.650981 22.433640 
9 39.757706 22.579242 
10 39.639806 22.422647 
11 39.642688 22.409872 
12 39.803748 22.491420 
13 39.620770 22.402125 
14 39.634717 22.417419 
15 39.295458 22.379107 
16 39.639868 22.408484 
17 39.637711 22.420953 
18 39.297343 22.384492 
19 39.636675 22.418041 
20 39.542090 21.758099 
21 39.363979 21.925528 
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Number Latitude Longitude 
i x[i] y[i] 
1 39.361725 21.923351 
2 39.755977 22.479995 
3 39.366730 21.953298 
4 39.606062 22.441941 
5 39.524348 21.716621 
6 39.633105 22.437490 
7 39.632780 22.419222 
8 39.633048 22.437515 
9 39.366365 21.928506 
10 39.471030 22.090671 
11 39.586026 22.059579 
12 39.646328 22.418632 
13 39.634184 22.416830 
14 39.631850 22.412598 
15 39.638211 22.409562 
16 39.633693 22.422475 
17 39.704083 21.626321 
18 39.297343 22.384492 
19 39.640909 22.419053 
20 39.894448 22.192310 
21 39.622150 22.392862 
22 39.636675 22.418041 
23 39.704419 21.624581 
24 39.647989 22.431466 
25 39.365238 21.917458 
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Number Latitude Longitude 
i x[i] y[i] 
1 39.366730 21.953298 
2 39.550386 21.852628 
3 39.540449 21.747039 
4 39.606062 22.441941 
5 39.180604 22.758269 
6 39.633048 22.437515 
7 39.295635 22.384506 
8 39.637711 22.420953 
9 39.637831 22.415505 
10 39.599406 22.434550 
11 39.629956 22.419633 
Table 6.3.10 Nodes Coordinates day 10 
 
Number Latitude Longitude 
i x[i] y[i] 
1 39.663324 22.398573 
2 39.638981 22.419155 
3 39.606062 22.441941 
4 39.684055 22.461143 
5 39.634723 22.407994 
6 39.637168 22.412296 
7 39.640459 22.423129 
8 39.632780 22.419222 
9 39.554144 21.779349 
10 39.620770 22.402125 
11 39.634184 22.416830 
12 39.641188 22.429447 
13 39.632972 22.426896 
14 39.566968 21.750525 
15 39.637711 22.420953 
16 39.297343 22.384492 
17 39.425961 21.663417 
18 39.632489 22.419335 
19 39.704419 21.624581 
Table 6.3.11 Nodes Coordinates day 11 
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i x[i] y[i] 
1 39.366730 21.953298 
2 39.739102 22.288032 
3 39.524348 21.716621 
4 39.633105 22.437490 
5 39.361764 21.927403 
6 39.632780 22.419222 
7 39.362222 22.941887 
8 39.803748 22.491420 
9 39.633048 22.437515 
10 39.366365 21.928506 
11 39.642533 22.417946 
12 39.634717 22.417419 
13 39.634139 22.416573 
14 39.634184 22.416830 
15 39.631850 22.412598 
16 39.638211 22.409562 
17 39.706465 21.621850 
18 39.359167 21.917628 
19 39.633693 22.422475 
20 39.622150 22.392862 
21 39.647989 22.431466 
22 39.365238 21.917458 
23 39.363979 21.925528 
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Number Latitude Longitude 
i x[i] y[i] 
1 39.755977 22.479995 
2 39.635206 22.428363 
3 39.550386 21.852628 
5 39.606062 22.441941 
6 39.629296 22.459597 
7 39.637250 22.419130 
8 39.372127 21.903831 
9 39.632780 22.419222 
10 39.554144 21.779349 
11 39.890399 22.187968 
12 39.642533 22.417946 
13 39.644214 22.417673 
14 39.622150 22.392862 
15 39.366949 21.926901 
Table 6.3.13 Nodes Coordinates day 13 
 
Number Latitude Longitude 
i x[i] y[i] 
1 39.504745 22.639471 
2 39.550386 21.852628 
3 39.637250 22.419130 
4 39.554779 21,77253 
5 39.640459 22.423129 
6 39.372127 21.903831 
7 39.880628 22.178648 
8 39.610353 22.576853 
9 39.634328 22.418137 
10 39.632972 22.426896 
11 39.566968 21.750525 
12 39.425961 21.663417 
13 39.637283 22.419164 
14 39.362883 22.943836 
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Number Latitude Longitude 
i x[i] y[i] 
1 39.633105 22.437490 
2 39.372127 21.903831 
3 39.364808 21.922952 
4 39.633048 22.437515 
5 39.586026 22.059579 
6 39.646328 22.418632 
7 39.634184 22.416830 
8 39.638211 22.409562 
9 39.359167 21.917628 
10 39.633693 22.422475 
11 39.704083 21.626321 
12 39.297343 22.384492 
13 39.363779 21.934859 
14 39.622150 22.392862 
15 39.702488 21.628037 
16 39.636675 22.418041 
17 39.704419 21.624581 
18 39.647989 22.431466 
19 39.365238 21.917458 
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Number Latitude Longitude 
i x[i] y[i] 
1 39.739102 22.288032 
2 39.550386 21.852628 
3 39.633105 22.437490 
4 39.629296 22.459597 
5 39.782239 21.976916 
6 39.632780 22.419222 
7 39.633048 22.437515 
8 39.586026 22.059579 
9 39.706318 21.622552 
10 39.634184 22.416830 
11 39.631850 22.412598 
12 39.638211 22.409562 
13 39.633693 22.422475 
14 39.704083 21.626321 
15 39.297343 22.384492 
16 39.713652 22.752049 
17 39.894448 22.192310 
18 39.622150 22.392862 
19 39.636675 22.418041 
20 39.704419 21.624581 
21 39.647989 22.431466 
22 39.365238 21.917458 
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Number Latitude Longitude 
i x[i] y[i] 
1 39.550386 21.852628 
2 39.540449 21.747039 
3 39.606062 22.441941 
4 39.633105 22.437490 
5 39.362222 22.941887 
6 39.554446 21.780667 
7 39.803748 22.491420 
8 39.705572 21.627691 
9 39.586026 22.059579 
10 39.634184 22.416830 
11 39.631850 22.412598 
12 39.638211 22.409562 
13 39.365097 21.925823 
14 39.558557 21.757615 
15 39.571527 21.747602 
16 39.367961 21.921529 
17 39.624185 22.395729 
18 39.633693 22.422475 
19 39.622150 22.392862 
20 39.636675 22.418041 
21 39.632992 22.417836 
22 39.704419 21.624581 
Table 6.3.17 
Number Latitude Longitude 
i x[i] y[i] 
1 39.606062 22.441941 
2 39.979000 22.043477 
3 39.646328 22.418632 
4 39.631530 22.446407 
5 39.504745 22.639471 
6 39.739102 22.288032 
7 39.550386 21.852628 
8 39.634723 22.407994 
9 39.632780 22.419222 
10 39.631850 22.412598 
Table 6.3.18 
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Number Latitude Longitude 
i x[i] y[i] 
1 39.755977 22.479995 
2 39.606062 22.441941 
3 39.632780 22.419222 
4 39.362222 22.941887 
5 39.633048 22.437515 
6 39.586026 22.059579 
7 39.634184 22.416830 
8 39.631850 22.412598 
9 39.638211 22.409562 
10 39.566968 21.750525 
11 39.633693 22.422475 
12 39.704083 21.626321 
13 39.297343 22.384492 
14 39.667493 22.668659 
15 39.894448 22.192310 
16 39.622150 22.392862 
17 39.704419 21.624581 
18 39.647989 22.431466 
19 39.654556 22.435940 
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Table 6.4.1 Nodes distances day 1 
  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
0 0.00 53.77 20.25 60.22 17.60 81.61 34.43 17.49 18.23 16.72 81.07 61.68 19.47 81.56 68.97 
1 58.99 0.00 54.87 10.16 54.44 31.55 21.95 54.42 53.52 53.64 31.01 11.62 54.53 31.50 25.26 
2 19.96 55.20 0.00 61.65 3.43 83.04 35.86 3.41 2.54 3.34 82.51 63.11 3.50 82.99 54.48 
3 65.51 10.26 61.39 0.00 60.96 21.77 28.48 60.94 60.05 60.16 21.23 1.46 61.05 21.72 26.18 
4 18.53 54.08 3.09 60.53 0.00 81.92 34.74 0.57 0.81 1.80 81.39 61.99 0.66 81.87 55.66 
5 86.48 31.23 82.36 23.85 81.93 0.00 49.44 81.91 81.01 81.13 0.28 20.61 82.02 1.51 49.57 
6 39.65 22.48 35.52 28.93 35.10 50.31 0.00 35.08 34.18 34.30 49.78 30.39 35.19 50.26 37.32 
7 16.99 53.94 2.75 60.40 0.79 81.78 34.60 0.00 0.67 1.09 81.25 61.85 1.03 81.73 55.52 
8 17.74 53.29 2.51 59.74 1.34 81.13 33.95 1.32 0.00 1.13 80.60 61.20 1.43 81.08 55.16 
9 16.64 53.61 3.25 60.06 1.86 81.44 34.27 1.75 1.23 0.00 80.91 61.52 2.23 81.39 55.90 
10 86.20 30.95 82.08 23.57 81.66 0.53 49.17 81.64 80.74 80.86 0.00 20.33 81.75 1.23 49.30 
11 69.15 13.90 65.03 2.50 64.60 20.30 32.12 64.58 63.69 63.80 19.77 0.00 64.70 20.25 27.99 
12 18.98 54.41 3.42 60.87 0.85 82.25 35.07 0.90 1.14 1.94 81.72 62.33 0.00 82.20 55.99 
13 86.77 31.52 82.65 24.14 82.22 0.93 49.73 82.20 81.30 81.42 0.56 20.90 82.31 0.00 49.86 
14 72.65 27.92 54.54 27.20 56.34 53.24 37.30 56.32 55.42 56.03 52.71 28.31 56.43 53.19 0.00 
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 1 2 3 4 5 6 7 8 9 
1 0.00 61.10 53.77 22.37 17.73 60.75 61.93 18.45 69.33 
2 66.11 0.00 10.85 65.39 60.14 0.72 0.36 62.45 26.38 
3 58.99 11.04 0.00 58.28 53.02 10.69 11.87 55.34 24.88 
4 25.47 66.73 59.40 0.00 8.45 66.38 67.56 7.42 58.88 
5 17.45 60.35 53.02 4.86 0.00 60.00 61.17 2.04 55.95 
6 66.55 1.77 11.29 65.83 60.58 0.00 1.76 62.89 25.84 
7 67.26 1.90 12.01 66.55 61.30 1.91 0.00 63.61 29.97 
8 17.58 61.91 54.58 4.27 1.36 61.56 62.74 0.00 56.53 
9 73.41 26.70 26.67 59.65 56.38 25.87 26.68 58.00 0.00 
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  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
0 0.00 68.53 53.77 67.97 21.05 47.52 6.83 78.61 68.85 19.11 68.78 34.43 17.12 17.49 17.64 18.00 16.72 81.45 61.31 23.65 0.61 18.58 69.33 
1 69.88 0.00 30.07 33.99 56.68 18.31 67.02 8.07 5.32 54.74 5.25 34.52 54.48 53.55 52.84 55.23 53.26 55.24 32.60 92.57 71.29 54.59 5.80 
2 58.99 28.17 0.00 15.73 57.55 35.55 66.54 20.30 25.90 55.62 25.38 21.95 54.82 54.42 52.94 57.59 53.64 31.40 11.26 80.44 58.39 55.46 24.88 
3 73.22 33.95 17.96 0.00 71.78 39.75 80.77 26.08 31.68 69.84 31.16 36.18 69.04 68.64 67.16 71.81 67.86 26.46 13.97 94.66 72.62 69.69 30.66 
4 21.31 60.40 58.16 72.37 0.00 45.25 18.46 65.90 60.72 2.49 60.65 38.82 5.79 4.56 5.57 3.79 6.48 85.84 65.71 44.00 21.81 4.84 61.20 
5 53.24 20.65 35.57 49.78 43.37 0.00 53.71 26.16 20.98 41.42 20.91 15.87 41.17 40.23 47.18 41.92 39.94 63.26 43.12 74.68 52.64 41.27 21.46 
6 6.81 69.40 60.47 74.68 17.98 54.23 0.00 74.91 69.73 16.04 69.66 41.13 14.05 14.43 14.57 14.94 13.65 88.16 68.02 30.76 7.31 15.51 70.21 
7 83.86 7.96 22.09 26.01 64.42 26.05 74.76 0.00 5.69 62.48 5.17 46.83 62.22 61.29 60.58 62.97 61.00 47.27 24.62 105.31 83.26 62.33 4.67 
8 72.97 3.32 27.15 31.07 59.78 21.41 70.12 5.15 0.00 57.84 1.78 37.62 57.58 56.64 55.94 58.33 56.36 52.33 29.68 95.67 74.39 57.69 0.48 
9 18.82 57.91 55.66 69.87 1.94 42.76 15.97 63.41 58.23 0.00 58.16 36.32 3.29 2.07 3.08 1.29 3.99 83.35 63.21 41.51 19.32 2.35 58.71 
10 72.12 2.46 30.02 33.94 58.92 20.55 69.26 8.02 0.89 56.98 0.00 36.76 56.72 55.79 55.08 57.47 55.50 55.20 32.55 94.81 73.53 56.83 1.17 
11 39.65 36.88 22.48 36.68 38.21 15.87 47.20 47.32 37.20 36.27 37.13 0.00 35.48 35.08 33.59 38.24 34.30 50.16 30.02 61.09 39.05 36.12 37.68 
12 16.74 56.82 54.96 69.17 5.33 41.67 13.89 62.33 57.15 3.39 57.08 35.62 0.00 1.83 2.13 2.28 1.35 82.65 62.51 39.43 17.24 1.43 57.63 
13 16.99 55.08 53.94 68.15 4.45 39.93 14.14 60.59 55.41 2.51 55.34 34.60 2.06 0.00 0.86 3.00 1.09 81.63 61.49 39.69 17.49 1.97 55.89 
14 17.75 54.83 53.31 67.52 4.62 39.68 14.90 60.33 55.15 2.68 55.08 33.97 2.24 1.49 0.00 3.17 0.91 81.00 60.86 40.44 18.25 2.53 55.63 
15 18.38 56.42 55.28 69.49 3.04 41.27 15.52 61.92 56.74 1.10 56.67 35.94 2.85 1.77 2.69 0.00 2.56 82.97 62.83 41.07 18.87 2.05 57.22 
16 16.64 55.46 53.61 67.81 5.25 40.31 13.79 60.97 55.79 3.31 55.72 34.27 1.70 1.75 0.78 3.23 0.00 81.29 61.15 39.33 17.14 2.22 56.27 
17 86.58 52.59 31.33 26.56 85.15 63.14 94.14 44.71 50.31 83.21 49.79 49.55 82.41 82.02 80.53 85.18 81.23 0.00 21.59 89.83 85.99 83.06 49.29 
18 66.53 32.53 11.28 11.32 65.10 43.09 74.08 24.66 30.26 63.16 29.74 29.50 62.36 61.96 60.48 65.13 61.18 21.60 0.00 87.97 65.93 63.01 29.24 
19 23.66 94.63 80.14 94.34 43.20 73.89 31.34 104.98 94.95 41.27 94.88 60.80 39.27 39.65 39.80 40.16 38.88 90.16 87.69 0.00 26.98 40.73 95.43 
20 0.61 67.93 53.17 67.38 21.55 46.92 7.32 78.02 68.25 19.61 68.19 33.83 17.61 17.99 18.14 18.50 17.22 80.86 60.72 24.26 0.00 19.07 68.74 
21 17.57 55.71 54.57 68.78 4.21 40.56 14.72 61.22 56.04 2.27 55.97 35.23 2.63 0.51 1.37 2.77 1.61 82.26 62.12 40.26 18.07 0.00 56.52 
22 73.41 3.76 26.67 30.59 60.22 21.85 70.56 4.67 1.09 58.28 1.30 38.06 58.02 57.08 56.37 58.77 56.80 51.84 29.20 96.10 78.20 58.13 0.00 
Table 6.4.3 Nodes distances day 3 
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  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
0 0.00 68.53 0.00 53.77 22.37 19.10 21.18 18.04 17.60 19.29 81.98 63.66 62.44 61.31 17.68 51.61 66.79 67.21 
1 69.88 0.00 69.88 30.07 56.12 54.74 57.23 54.86 53.57 53.71 55.77 34.94 28.48 32.60 54.00 91.42 32.80 33.23 
2 0.00 68.53 0.00 53.77 22.37 19.10 21.18 18.04 17.60 19.29 81.98 63.66 62.44 61.31 17.68 51.61 66.79 67.21 
3 58.99 28.17 58.99 0.00 58.28 55.61 59.39 57.62 54.44 54.59 31.92 13.60 10.20 11.26 54.87 93.58 14.54 14.97 
4 25.47 58.07 25.47 59.40 0.00 6.74 4.21 9.17 6.55 6.69 87.61 69.29 68.08 66.95 6.96 36.21 72.42 72.85 
5 18.82 57.90 18.82 55.66 3.70 0.00 2.51 2.87 2.04 1.85 83.87 65.55 64.34 63.21 2.02 32.65 68.68 69.11 
6 20.89 59.25 20.89 60.58 1.19 2.53 0.00 4.95 2.90 3.04 88.78 70.46 69.25 68.12 3.31 37.39 73.60 74.02 
7 17.07 56.12 17.07 54.78 4.94 1.68 3.76 0.00 1.04 1.27 82.99 64.67 63.46 62.33 0.97 34.32 67.81 68.23 
8 18.53 55.22 18.53 54.08 3.77 1.90 2.58 1.85 0.00 0.87 82.29 63.97 62.76 61.63 1.00 34.54 67.10 67.53 
9 18.42 55.90 18.42 54.76 4.29 1.03 3.11 2.48 1.11 0.00 82.97 64.65 63.44 62.31 1.09 33.67 67.79 68.21 
10 87.09 53.09 87.09 31.83 86.37 83.71 87.49 85.72 82.54 82.68 0.00 19.54 22.96 22.09 82.97 121.67 25.79 26.22 
11 68.74 37.42 68.74 13.49 68.03 65.36 69.14 67.37 64.19 64.34 19.55 0.00 2.78 2.79 64.62 103.33 7.48 3.44 
12 67.62 28.38 67.62 12.36 66.90 64.24 68.02 66.25 63.07 63.21 23.30 3.11 0.00 1.86 63.50 102.20 3.94 1.73 
13 66.53 32.53 66.53 11.28 65.82 63.15 66.93 65.16 61.98 62.13 22.12 3.80 1.73 0.00 62.41 101.12 4.45 2.75 
14 17.00 56.05 17.00 54.72 5.05 1.78 3.87 0.86 0.97 1.38 82.92 64.60 63.39 62.26 0.00 34.43 67.74 68.16 
15 50.61 92.50 50.61 93.83 36.72 32.66 37.84 34.66 34.70 34.50 122.04 103.72 102.51 101.38 34.67 0.00 106.85 107.28 
16 71.95 32.69 71.95 16.70 71.24 68.58 72.36 70.58 67.41 67.55 25.80 3.69 4.30 5.65 67.84 106.54 0.00 2.21 
17 72.38 33.12 72.38 17.13 71.67 69.00 72.78 71.01 67.83 67.97 22.88 3.42 2.09 3.44 68.26 106.97 2.21 0.00 
 
 
Table 6.4.4 Nodes distances day 4 
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  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
0 0.00 69.03 0.00 53.77 18.26 19.10 21.05 77.06 19.11 17.49 18.23 16.72 63.66 19.47 61.31 23.65 20.79 18.58 52.35 18.32 21.71 
1 72.80 0.00 72.80 27.07 57.20 57.66 59.60 112.83 57.66 56.47 55.57 56.18 31.94 56.58 29.60 95.49 54.37 57.51 124.19 59.97 58.84 
2 0.00 69.03 0.00 53.77 18.26 19.10 21.05 77.06 19.11 17.49 18.23 16.72 63.66 19.47 61.31 23.66 20.79 18.58 52.35 18.32 21.71 
3 58.99 25.30 58.99 0.00 55.15 55.61 57.55 112.06 55.62 54.42 53.52 53.64 13.60 54.53 11.26 80.44 52.56 55.46 108.10 57.91 58.08 
4 17.77 56.41 17.77 54.77 0.00 2.47 4.41 59.15 2.47 0.71 1.50 1.81 64.66 0.88 62.32 40.46 5.65 0.32 69.16 4.78 3.98 
5 18.82 58.40 18.82 55.66 2.03 0.00 1.94 58.38 0.00 2.06 2.39 3.98 65.55 1.76 63.21 41.51 10.94 2.34 70.20 2.76 3.92 
6 21.31 60.90 21.31 58.16 4.53 2.50 0.00 58.95 2.49 4.56 4.80 6.48 68.05 4.26 65.71 44.00 13.44 4.84 72.70 5.26 6.42 
7 76.95 111.22 76.95 112.05 59.64 58.59 59.02 0.00 58.59 58.94 58.99 59.98 121.94 59.02 119.60 99.64 59.90 59.96 128.34 60.90 55.76 
8 18.82 58.41 18.82 55.66 2.03 0.00 1.94 58.39 0.00 2.07 2.39 3.99 65.55 1.77 63.21 41.51 10.95 2.35 70.21 2.77 3.92 
9 16.99 55.58 16.99 53.94 1.65 2.51 4.45 59.07 2.51 0.00 0.67 1.09 63.83 1.03 61.49 39.69 4.82 1.97 68.38 4.82 3.91 
10 17.74 55.22 17.74 53.29 2.05 2.51 4.46 59.07 2.52 1.32 0.00 1.13 63.18 1.43 60.84 40.44 4.17 2.36 69.13 6.26 3.91 
11 16.64 55.96 16.64 53.61 1.91 3.31 5.25 59.87 3.31 1.75 1.23 0.00 63.49 2.23 61.15 39.33 4.49 2.22 68.03 3.55 4.71 
12 68.74 34.55 68.74 13.49 64.90 65.36 67.31 121.81 65.37 64.17 63.28 63.39 0.00 64.29 2.79 90.19 62.32 65.22 117.85 67.66 67.83 
13 18.98 56.05 18.98 54.41 1.10 1.59 3.53 58.79 1.59 0.90 1.14 1.94 64.30 0.00 61.96 41.67 5.29 1.42 70.37 3.90 3.63 
14 66.53 29.66 66.53 11.28 62.69 63.15 65.10 119.60 63.16 61.96 61.06 61.18 3.80 62.07 0.00 87.97 60.11 63.01 115.64 65.45 65.62 
15 23.66 95.13 23.68 80.14 40.42 41.26 43.20 99.22 41.27 39.65 40.39 38.88 90.03 41.63 87.69 0.00 42.94 40.73 29.48 40.48 43.87 
16 18.95 54.54 18.95 52.54 4.90 9.74 11.68 59.88 9.74 4.17 3.27 3.19 62.43 4.28 60.09 41.64 0.00 5.21 70.33 12.05 5.89 
17 17.57 56.21 17.57 54.57 0.84 2.27 4.21 58.95 2.27 0.51 1.30 1.61 64.46 0.68 62.12 40.26 5.45 0.00 68.96 4.58 3.79 
18 52.31 123.78 52.34 108.79 69.07 69.91 71.86 127.87 69.92 68.30 69.04 67.53 118.68 70.28 116.34 28.65 71.59 69.39 0.00 69.13 72.52 
19 18.08 61.18 18.08 58.12 2.36 3.69 5.63 61.64 3.69 3.07 4.11 3.24 68.01 3.57 65.67 40.77 9.00 2.67 69.47 0.00 7.18 
20 21.25 56.68 21.25 57.51 4.18 3.31 5.26 55.92 3.32 3.47 3.53 4.52 67.39 3.56 65.06 43.94 5.36 4.49 72.64 5.62 0.00 
Table 6.4.5 Nodes distances day 5 
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  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
0 0.00 68.53 53.77 22.37 19.10 18.45 26.32 25.43 19.11 60.73 80.81 34.43 17.48 82.02 81.45 64.42 20.79 69.38 81.56 68.62 35.58 
1 69.88 0.00 30.07 56.12 54.74 54.47 74.72 94.35 54.74 29.25 113.66 34.52 53.53 55.81 55.24 46.41 51.44 5.84 55.34 5.08 35.67 
2 58.99 28.17 0.00 58.28 55.61 55.34 75.81 78.77 55.62 10.67 115.82 21.95 54.40 31.96 31.40 67.86 52.56 25.09 31.50 25.66 23.11 
3 25.47 58.07 59.40 0.00 6.74 7.43 31.28 49.94 6.75 66.36 58.46 40.06 6.51 87.65 87.09 41.20 7.25 58.92 87.19 58.16 41.21 
4 18.82 57.90 55.66 3.70 0.00 2.22 20.44 43.29 0.00 62.62 62.14 36.32 2.05 83.91 83.35 44.88 10.94 58.75 83.45 57.99 37.47 
5 17.57 55.72 54.58 4.27 2.28 0.00 22.26 42.05 2.28 61.54 62.71 35.24 0.50 82.83 82.27 43.46 5.46 56.57 82.37 55.81 36.39 
6 26.32 87.55 76.17 31.77 20.54 20.60 0.00 52.05 20.54 83.13 80.28 56.83 22.16 104.42 103.86 65.17 36.73 88.41 103.96 87.64 57.98 
7 26.21 97.18 77.32 47.08 43.81 43.16 49.63 0.00 43.82 84.28 105.53 57.98 42.19 88.56 88.92 89.13 45.50 98.03 88.71 97.27 46.52 
8 18.82 57.91 55.66 3.70 0.00 2.23 20.44 43.29 0.00 62.63 62.15 36.32 2.05 83.92 83.35 44.89 10.95 58.76 83.45 57.99 37.48 
9 66.56 29.15 11.31 65.85 63.19 62.91 83.39 86.34 63.19 0.00 123.39 29.53 61.98 22.47 21.91 75.35 60.14 26.07 22.01 26.64 30.68 
10 81.02 114.79 116.12 59.01 62.66 63.90 81.08 105.49 62.66 123.08 0.00 96.78 62.99 144.37 143.80 73.91 63.97 115.64 143.91 114.88 97.93 
11 39.65 36.88 22.48 38.93 36.27 36.00 56.47 59.42 36.27 29.44 96.48 0.00 35.06 50.73 50.16 48.18 33.22 37.73 50.26 36.96 1.42 
12 16.99 55.55 54.41 4.34 2.35 1.12 22.34 41.46 2.36 61.37 62.79 35.07 0.00 82.66 82.09 43.53 5.29 56.40 82.19 55.63 36.22 
13 87.09 53.09 31.84 86.37 83.71 83.44 103.91 88.84 83.71 22.05 143.92 50.05 82.50 0.00 0.70 95.95 80.66 50.00 0.49 50.58 51.20 
14 86.58 52.59 31.33 85.87 83.20 82.94 103.41 88.95 83.21 21.54 143.41 49.55 82.00 0.78 0.00 95.45 80.16 49.50 0.31 50.08 50.70 
15 62.08 48.62 67.89 40.07 43.72 44.18 65.00 86.55 43.72 75.30 74.55 48.19 43.27 96.14 95.57 0.00 44.01 49.47 95.67 48.70 49.34 
16 18.95 54.04 52.54 6.09 9.74 5.09 29.72 43.42 9.74 59.50 63.63 33.20 4.15 80.79 80.23 44.02 0.00 54.89 80.33 54.13 34.35 
17 73.61 3.96 26.87 59.86 58.48 58.20 78.46 98.77 58.48 26.05 117.40 38.26 57.27 52.61 52.05 50.15 55.18 0.00 52.15 1.78 39.41 
18 86.77 52.77 31.52 86.06 83.39 83.12 103.59 89.14 83.39 21.73 143.60 49.73 82.19 0.55 0.54 95.64 80.34 49.69 0.00 50.26 50.89 
19 72.78 3.13 27.39 59.02 57.64 57.37 77.62 97.25 57.64 26.57 116.56 37.42 56.43 53.13 52.56 49.32 54.35 0.76 52.66 0.00 38.58 
20 39.13 36.91 20.54 38.41 35.75 35.48 55.95 58.90 35.75 27.50 95.96 0.44 34.54 48.80 48.23 48.22 32.70 37.77 48.33 37.00 0.00 
 
Table 6.4.6 Nodes distances day 6 
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  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
0 0.00 64.61 45.68 53.77 22.37 17.73 18.05 26.32 21.15 0.36 83.06 18.45 81.44 18.58 71.14 69.05 17.12 21.71 
1 62.27 0.00 43.71 68.08 40.26 45.39 46.57 65.19 47.98 62.52 49.69 44.37 95.75 44.49 51.42 49.33 47.41 40.06 
2 45.32 43.88 0.00 80.42 23.31 28.06 30.65 45.38 28.18 45.57 79.98 28.20 108.10 28.33 81.71 79.62 28.61 24.14 
3 58.99 68.05 80.69 0.00 58.28 53.02 51.87 75.81 57.66 58.63 24.74 55.34 31.39 55.46 26.04 25.75 52.71 58.08 
4 25.47 41.38 23.32 59.40 0.00 8.45 9.63 31.28 14.08 25.72 58.96 7.42 87.08 7.55 60.69 58.60 10.47 3.12 
5 17.45 47.72 28.17 53.02 4.86 0.00 1.16 23.87 5.03 17.70 56.03 2.04 80.69 2.16 57.75 55.66 0.75 4.38 
6 17.53 46.56 30.86 51.86 5.62 1.16 0.00 23.94 5.79 17.78 56.20 3.47 79.54 3.60 57.93 55.84 0.84 8.25 
7 26.32 65.36 45.15 76.17 31.77 23.99 24.31 0.00 26.56 26.57 88.44 20.60 103.85 20.73 90.17 88.08 23.38 32.59 
8 19.95 46.21 28.79 56.80 4.84 4.23 4.94 21.58 0.00 20.20 59.93 3.36 84.48 3.48 61.65 59.56 7.21 5.06 
9 0.36 64.86 45.94 53.41 22.62 17.98 18.30 26.57 21.40 0.00 82.70 18.70 81.08 18.83 70.78 68.69 17.37 21.96 
10 72.75 49.48 81.40 26.62 58.99 55.72 56.69 77.59 59.65 73.00 0.00 57.33 51.78 57.46 1.81 1.09 56.27 58.79 
11 17.58 43.65 27.58 54.58 4.27 1.36 2.73 22.26 4.32 17.83 56.61 0.00 82.26 0.13 58.33 56.24 2.55 3.80 
12 86.27 95.32 107.96 31.01 85.55 80.30 79.14 103.08 84.93 85.90 48.84 82.61 0.00 82.74 50.13 49.84 79.98 85.35 
13 17.57 43.64 27.57 54.57 4.26 1.35 2.71 22.25 4.31 17.82 56.60 1.03 82.25 0.00 58.33 56.23 2.54 3.79 
14 74.80 51.53 83.46 27.83 61.05 57.77 58.74 79.65 61.71 75.05 1.82 59.39 52.99 59.52 0.00 1.63 58.32 60.84 
15 72.83 49.56 81.49 27.44 59.08 55.81 56.78 77.68 59.74 73.09 0.83 57.42 52.61 57.55 1.82 0.00 56.35 58.88 
16 17.45 47.49 28.38 52.79 5.07 0.61 0.93 23.86 5.24 17.70 56.24 2.92 80.46 3.05 57.96 55.87 0.00 4.59 
17 21.25 40.25 24.55 57.51 2.14 4.22 4.94 23.30 5.36 21.50 57.07 4.37 85.18 4.49 58.79 56.70 4.77 0.00 
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  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
0 0.00 78.15 84.22 64.61 19.89 20.73 18.26 47.52 17.89 35.52 18.04 16.51 26.32 19.95 17.48 65.12 16.86 17.68 64.42 18.58 67.21 68.62 
1 77.87 0.00 7.13 63.36 60.29 72.05 60.56 96.49 62.26 77.51 61.92 61.19 77.93 60.09 59.84 63.81 61.73 60.28 63.30 60.88 126.42 111.73 
2 84.42 6.66 0.00 77.38 66.85 78.61 67.12 103.05 68.82 84.07 68.48 67.75 84.48 66.65 66.39 77.84 68.28 66.84 77.32 67.43 132.97 118.29 
3 62.27 64.09 78.14 0.00 44.69 59.31 44.18 36.13 46.66 64.77 46.32 44.81 65.19 43.47 43.45 0.51 46.51 43.90 0.19 44.49 79.47 48.89 
4 19.88 61.16 67.23 48.91 0.00 21.38 3.09 43.82 4.28 21.27 3.94 4.84 21.51 6.45 3.11 49.41 5.21 3.08 48.72 3.41 70.17 59.05 
5 20.74 71.62 77.69 59.37 15.56 0.00 14.65 66.41 12.74 17.31 14.43 15.33 6.25 30.01 16.40 59.87 15.70 16.37 59.18 14.97 96.33 81.64 
6 17.77 60.24 66.31 43.84 3.25 16.87 0.00 40.76 3.97 22.21 1.62 2.17 22.45 3.40 0.70 44.35 2.18 0.77 43.65 0.32 68.22 56.00 
7 53.24 97.68 103.75 36.26 42.21 67.30 40.96 0.00 44.63 61.17 41.55 40.50 61.41 37.60 40.21 36.77 40.65 40.68 36.08 41.27 49.02 20.74 
8 17.64 63.16 69.23 48.76 3.55 12.77 1.92 45.09 0.00 18.12 1.70 2.60 18.36 7.73 2.62 49.26 2.97 2.69 48.57 2.24 71.13 60.33 
9 34.98 75.63 81.69 63.38 20.44 16.79 19.53 70.42 17.62 0.00 19.30 20.20 10.37 34.01 21.27 63.88 20.58 21.24 63.19 19.84 88.73 85.65 
10 17.07 60.72 66.79 44.19 2.46 16.07 0.35 40.97 2.56 21.42 0.00 1.47 21.66 3.60 1.00 44.69 1.55 0.97 44.00 0.66 68.23 56.20 
11 15.69 64.03 70.10 49.22 5.77 16.52 1.55 41.92 3.76 21.87 1.73 0.00 22.11 4.56 1.71 49.73 0.63 1.92 49.03 1.87 67.96 57.16 
12 26.32 77.62 83.68 65.36 21.32 8.52 20.41 72.40 18.50 10.60 20.19 21.09 0.00 36.00 22.16 65.87 21.46 22.13 65.17 20.73 89.62 87.64 
13 19.61 60.78 66.85 44.02 5.26 30.40 4.01 38.07 7.68 24.22 4.60 3.56 24.46 0.00 3.27 44.53 3.70 3.73 43.83 4.33 67.04 53.30 
14 16.99 60.12 66.19 43.72 3.14 16.75 0.93 40.40 3.85 22.10 1.34 1.39 22.34 3.03 0.00 44.23 1.47 0.65 43.53 1.24 67.85 55.63 
15 62.77 64.59 78.65 0.51 45.20 59.81 44.68 36.64 47.17 65.28 46.83 45.32 65.69 43.97 43.96 0.00 47.01 44.41 0.70 45.00 77.77 47.19 
16 16.27 61.28 67.35 44.88 4.74 15.49 1.53 40.63 2.74 20.84 1.72 0.67 21.08 3.27 1.69 45.39 0.00 1.90 44.69 1.85 67.37 55.87 
17 17.00 60.83 66.90 44.12 2.57 15.07 0.28 40.90 2.31 20.42 0.86 1.40 20.66 3.53 0.97 44.63 1.48 0.00 43.93 0.59 68.16 56.14 
18 62.08 63.90 77.95 0.19 44.51 59.12 43.99 35.94 46.47 64.58 46.13 44.62 65.00 43.28 43.27 0.70 46.32 43.71 0.00 44.30 79.28 48.70 
19 17.57 60.04 66.11 43.64 3.06 16.67 0.84 40.56 3.77 22.02 1.43 1.97 22.25 3.20 0.50 44.15 1.98 0.57 43.45 0.00 68.02 55.80 
20 72.38 126.54 132.61 79.50 69.78 83.61 68.54 38.91 70.86 88.96 71.01 67.54 89.20 67.12 67.79 77.79 66.88 68.26 79.31 68.85 0.00 30.61 
21 72.78 113.90 119.97 49.51 58.42 83.52 57.18 21.21 60.85 77.39 57.77 56.72 77.62 53.82 56.43 47.80 56.87 56.90 49.32 57.49 30.54 0.00 
Table 6.4.8 Nodes distances day 8 
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  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
0 0.00 69.13 20.73 68.53 22.37 67.97 19.10 17.60 19.11 68.78 46.78 34.43 17.12 17.49 18.23 16.72 19.47 81.45 64.42 17.01 23.65 20.79 18.58 81.56 69.33 
 
1 72.70 0.00 83.44 3.05 58.94 31.46 57.56 56.39 57.56 1.28 22.16 37.35 57.31 56.37 55.48 56.09 56.48 52.72 49.24 57.20 95.39 54.27 57.41 52.82 60.38 0.88 
2 20.74 82.16 0.00 81.56 25.77 97.09 14.78 16.39 14.78 81.81 66.46 63.54 14.84 16.41 16.65 15.54 16.11 110.57 59.18 14.62 44.69 30.74 14.97 110.67 13.12 82.36 
3 69.88 5.59 80.61 0.00 56.12 33.99 54.74 53.57 54.74 5.25 19.33 34.52 54.48 53.55 52.65 53.26 53.66 55.24 46.41 54.38 92.57 51.44 54.59 55.34 57.56 5.80 
4 25.47 58.68 25.41 58.07 0.00 73.61 6.74 6.55 6.75 58.33 42.98 40.06 8.53 6.53 6.58 7.58 6.62 87.09 41.20 9.36 48.16 7.25 7.55 87.19 9.87 58.88 
5 73.22 31.90 84.45 33.95 72.50 0.00 69.83 68.67 69.84 31.16 49.03 36.18 69.04 68.64 67.75 67.86 68.76 26.46 80.15 68.94 94.66 66.79 69.69 26.56 71.30 30.66 
6 18.82 58.50 14.86 57.90 3.70 69.87 0.00 2.04 0.00 58.16 48.67 36.32 3.29 2.06 2.39 3.98 1.76 83.35 44.88 3.06 41.51 10.94 2.34 83.45 2.54 58.71 
7 18.53 55.82 16.30 55.22 3.77 68.29 1.90 0.00 1.90 55.48 47.09 34.74 2.76 0.57 0.81 1.80 0.66 81.77 42.96 1.60 41.23 4.96 1.59 81.87 3.01 56.03 
8 18.82 58.51 14.86 57.91 3.70 69.87 0.00 2.05 0.00 58.16 48.68 36.32 3.29 2.07 2.39 3.99 1.77 83.35 44.89 3.07 41.51 10.95 2.35 83.45 2.54 58.71 
9 72.12 1.19 82.85 2.46 58.36 33.94 56.98 55.81 56.98 0.00 21.57 36.76 56.72 55.79 54.89 55.50 55.90 55.20 48.66 56.62 94.81 53.68 56.83 55.30 59.80 1.17 
10 53.37 22.36 66.28 21.76 41.79 49.91 40.41 39.24 40.41 22.01 0.00 16.00 40.15 39.22 38.32 38.93 39.33 63.39 35.06 40.05 74.81 37.12 40.26 63.49 43.23 22.56 
11 39.65 37.48 50.88 36.88 38.93 36.68 36.27 35.10 36.27 37.13 15.13 0.00 35.48 35.08 34.18 34.30 35.19 50.16 48.18 35.37 61.09 33.22 36.12 50.26 37.74 37.68 
12 16.74 57.42 14.92 56.82 6.65 69.17 3.38 1.81 3.39 57.08 47.98 35.62 0.00 1.83 2.24 1.35 1.81 82.65 46.43 0.81 39.43 5.84 1.43 82.75 1.77 57.63 
13 16.99 55.68 16.91 55.08 4.38 68.15 2.51 0.79 2.51 55.34 46.95 34.60 2.06 0.00 0.67 1.09 1.03 81.63 43.57 1.95 39.69 4.82 1.97 81.73 3.62 55.89 
14 17.74 55.33 18.58 54.72 4.38 67.50 2.51 1.34 2.52 54.98 46.30 33.95 3.17 1.32 0.00 1.13 1.43 80.98 43.58 3.06 40.44 4.17 2.36 81.08 5.43 55.53 
15 16.64 56.06 15.87 55.46 5.18 67.81 3.31 1.86 3.31 55.72 46.62 34.27 1.70 1.75 1.23 0.00 2.23 81.29 44.38 1.60 39.33 4.49 2.22 81.39 2.72 56.27 
16 18.98 56.15 15.99 55.55 4.10 68.62 1.59 0.85 1.59 55.81 47.42 35.07 3.46 0.90 1.14 1.94 0.00 82.10 43.29 3.23 41.67 5.29 1.42 82.20 2.70 56.36 
17 86.58 50.54 97.82 52.59 85.87 26.56 83.20 82.03 83.21 49.79 62.40 49.55 82.41 82.02 81.12 81.23 82.13 0.00 95.45 82.31 89.83 80.16 83.06 0.31 84.67 49.29 
18 62.08 49.22 59.12 48.62 40.07 80.04 43.72 43.30 43.72 48.87 36.00 48.19 46.55 43.28 43.34 44.33 43.37 95.57 0.00 46.33 84.77 44.01 44.30 95.67 46.85 49.42 
19 17.83 57.33 14.70 56.73 6.10 72.08 2.52 1.65 2.53 56.98 50.89 38.53 1.69 1.67 2.46 1.79 1.44 85.56 44.61 0.00 40.52 8.76 1.27 85.66 1.55 57.53 
20 23.66 95.23 41.50 94.63 44.53 94.34 41.26 39.76 41.27 94.88 73.15 60.80 39.27 39.65 40.39 38.88 41.63 90.16 86.58 39.17 0.00 42.94 40.73 89.95 39.65 95.43 
21 18.95 54.64 30.59 54.04 6.09 66.75 9.74 4.19 9.74 54.30 45.55 33.20 4.37 4.17 3.27 3.19 4.28 80.23 44.02 4.26 41.64 0.00 5.21 80.33 6.63 54.85 
22 17.57 56.31 16.67 55.71 4.26 68.78 2.27 0.49 2.27 55.97 47.59 35.23 2.63 0.51 1.30 1.61 0.68 82.26 43.45 1.62 40.26 5.45 0.00 82.36 3.38 56.52 
23 86.77 50.72 98.01 52.77 86.06 26.75 83.39 82.22 83.39 49.98 62.58 49.73 82.60 82.20 81.30 81.42 82.31 0.54 95.64 82.49 90.02 80.34 83.24 0.00 84.86 49.48 
24 17.25 60.46 13.15 59.86 5.64 71.50 2.37 2.22 2.38 60.11 50.30 37.95 1.72 2.24 3.28 2.42 2.74 84.98 45.42 1.50 39.94 8.17 1.85 85.08 0.00 60.66 
25 73.41 1.42 84.15 3.76 59.65 30.59 58.27 57.10 58.28 1.30 22.86 38.06 58.02 57.08 56.19 56.80 57.19 51.84 49.95 57.91 96.10 54.98 58.13 51.95 61.10 0.00 
Table 6.4.9 Nodes distances day 9  
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  0 1 2 3 4 5 6 7 8 9 10 11 
0 0.00 68.53 53.77 66.79 22.37 89.15 19.11 64.61 17.68 16.70 25.13 19.02 
1 69.88 0.00 30.07 32.80 56.12 94.69 54.74 46.60 54.00 53.45 54.75 53.44 
2 58.99 28.17 0.00 14.54 58.28 124.16 55.62 68.05 54.87 54.33 56.91 54.32 
3 71.95 32.69 16.70 0.00 71.24 137.12 68.58 79.08 67.83 67.29 69.87 67.28 
4 25.47 58.07 59.40 72.42 0.00 66.80 6.75 41.39 6.96 6.98 2.52 6.13 
5 87.98 95.27 123.09 136.11 65.98 0.00 69.63 47.52 70.40 70.42 66.21 69.57 
6 18.82 57.91 55.66 68.69 3.70 70.48 0.00 45.08 2.02 2.47 6.21 1.84 
7 62.27 48.81 68.08 79.05 40.26 49.70 43.91 0.00 43.90 43.92 39.47 43.07 
8 17.00 56.05 54.72 67.74 5.05 71.83 1.79 44.12 0.00 0.72 5.26 1.57 
9 16.74 55.37 54.23 67.25 4.66 71.45 2.80 44.05 1.02 0.00 5.18 1.50 
10 22.95 55.55 56.88 69.90 1.37 67.25 5.02 39.49 5.01 5.03 0.00 4.18 
11 18.42 55.10 53.97 66.99 4.24 71.03 1.83 43.63 1.06 1.09 5.37 0.00 
 
 
Table 6.4.10 Nodes distances day 10 
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  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
0 0.00 13.62 18.26 22.37 23.15 17.73 16.75 17.96 17.60 59.65 19.95 17.49 18.50 19.29 63.66 17.68 64.42 80.31 17.64 81.56 
1 12.98 0.00 5.34 9.45 10.22 4.81 3.83 5.04 4.68 62.87 7.03 4.57 5.58 6.37 66.87 4.76 51.50 83.53 4.71 84.77 
2 17.77 4.79 0.00 4.46 9.37 1.54 1.88 1.54 0.69 60.65 3.40 0.71 2.51 1.44 64.66 0.77 43.65 81.31 0.72 82.56 
3 25.47 12.49 7.23 0.00 21.54 8.45 7.58 9.09 6.55 65.28 6.52 6.53 7.76 6.69 69.29 6.96 41.20 85.94 6.58 87.19 
4 22.91 9.92 7.18 10.58 0.00 10.77 8.10 6.88 8.93 68.83 12.27 8.95 7.25 8.73 72.83 8.90 56.13 89.49 8.96 90.73 
5 17.45 4.47 1.85 4.86 10.79 0.00 0.80 2.31 1.49 58.90 2.62 1.38 3.03 1.96 62.90 1.57 47.53 79.56 1.52 80.80 
6 16.42 3.44 1.69 4.83 8.15 1.12 0.00 1.79 1.11 60.02 3.02 1.00 3.50 1.93 64.02 1.19 44.02 80.68 1.15 81.92 
7 17.94 4.96 1.43 5.71 7.35 3.43 2.87 0.00 2.12 63.86 4.94 2.10 1.54 2.59 67.87 2.05 45.19 84.52 2.15 85.77 
8 18.53 5.55 1.28 3.77 8.80 1.51 1.80 1.77 0.00 59.96 2.71 0.57 1.94 0.87 63.97 1.00 42.96 80.63 0.03 81.87 
9 65.07 62.49 61.23 64.35 68.81 59.10 59.84 63.62 60.52 0.00 59.80 60.50 61.73 60.66 3.20 60.95 73.93 22.86 60.55 23.32 
10 19.61 6.63 4.01 5.90 11.38 2.59 3.26 4.52 3.30 59.48 0.00 3.28 4.51 3.45 63.48 3.73 43.83 82.43 3.34 81.38 
11 16.99 4.01 1.65 4.38 9.41 0.83 1.10 2.36 0.79 59.83 2.57 0.00 2.55 1.48 63.83 1.37 43.57 80.49 0.82 81.73 
12 17.35 4.37 1.11 5.13 6.76 5.22 2.55 1.33 1.80 63.28 4.36 1.78 0.00 2.00 67.28 1.73 46.31 83.94 1.84 85.18 
13 18.42 5.44 1.09 4.29 7.93 2.19 1.93 2.40 1.11 60.65 3.39 1.13 1.07 0.00 64.65 1.09 43.64 81.31 1.14 82.55 
14 68.74 66.17 64.90 68.03 72.48 62.78 63.51 67.29 64.19 5.54 63.48 64.17 65.41 64.34 0.00 64.62 83.61 22.35 64.23 19.13 
15 17.00 4.02 0.28 5.05 7.58 1.70 1.11 0.78 0.97 60.60 3.53 0.99 1.83 1.38 64.60 0.00 43.93 81.26 1.00 82.50 
16 62.08 49.10 43.99 40.07 55.25 45.20 44.33 46.05 43.30 75.22 43.28 43.28 44.73 43.45 77.78 43.71 0.00 77.83 43.34 95.67 
17 85.34 82.76 81.49 84.62 89.08 79.37 80.11 83.89 80.79 22.66 80.07 80.77 82.00 80.93 22.11 81.22 78.11 0.00 80.82 39.90 
18 18.50 5.52 1.24 3.73 8.77 1.48 1.77 1.74 0.56 59.93 2.67 0.54 1.91 0.84 63.94 0.97 42.93 80.59 0.00 81.84 
19 86.77 84.19 82.93 86.06 90.51 80.80 81.54 85.32 82.22 23.57 81.51 82.20 83.43 82.36 19.23 82.65 95.64 40.35 82.25 0.00 
Table 6.4.11 Nodes distances day 11 
Institutional Repository - Library & Information Centre - University of Thessaly
09/12/2017 13:05:15 EET - 137.108.70.7
158 
 
  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
0 0.00 68.53 0.00 67.97 19.10 68.59 17.60 77.06 26.32 19.11 68.78 17.34 17.48 17.29 17.49 18.23 16.72 81.98 70.87 19.47 20.79 17.50 69.33 68.62 
1 69.88 0.00 69.88 33.99 54.74 5.06 53.57 109.90 74.72 54.74 5.25 54.71 53.53 53.25 53.55 52.65 53.26 55.77 7.36 53.66 51.44 57.56 5.80 5.08 
2 0.00 68.53 0.00 67.97 19.10 68.59 17.60 77.06 26.32 19.11 68.78 17.34 17.48 17.29 17.49 18.23 16.72 81.98 70.87 19.47 20.79 17.50 69.33 68.62 
3 73.22 33.95 73.22 0.00 69.83 34.15 68.67 126.29 90.03 69.84 31.16 69.27 68.63 68.35 68.64 67.75 67.86 26.98 31.72 68.76 66.79 71.30 30.66 31.44 
4 18.82 57.90 18.82 69.87 0.00 57.97 2.04 58.38 20.44 0.00 58.16 3.40 2.05 2.41 2.06 2.39 3.98 83.87 60.24 1.76 10.94 2.54 58.71 57.99 
5 72.80 3.15 72.80 31.99 57.66 0.00 56.49 112.83 77.65 57.67 1.15 57.63 56.46 56.17 56.47 55.58 56.19 53.77 1.17 56.58 54.37 60.49 1.40 0.98 
6 18.53 55.22 18.53 68.29 1.90 55.28 0.00 58.45 21.88 1.90 55.48 1.61 0.55 0.92 0.57 0.81 1.80 82.29 57.56 0.66 4.96 3.01 56.03 55.31 
7 76.95 110.72 76.95 126.26 58.59 110.79 58.96 0.00 77.01 58.59 110.98 61.53 58.92 59.28 58.94 58.99 59.98 140.26 113.06 59.02 59.90 61.72 111.53 110.81 
8 26.32 87.55 26.32 90.38 20.54 87.62 22.15 76.52 0.00 20.54 87.81 20.71 22.16 21.86 22.17 22.50 21.30 104.38 89.89 21.87 36.73 18.88 88.36 87.64 
9 18.82 57.91 18.82 69.87 0.00 57.97 2.05 58.39 20.44 0.00 58.16 3.40 2.05 2.42 2.07 2.39 3.99 83.88 60.24 1.77 10.95 2.54 58.71 57.99 
10 72.12 2.46 72.12 33.94 56.98 0.63 55.81 112.14 76.96 56.98 0.00 56.95 55.77 55.49 55.79 54.89 55.50 55.72 1.50 55.90 53.68 59.80 1.17 0.66 
11 16.44 56.52 16.44 68.87 3.05 56.58 1.32 61.01 20.18 3.06 56.77 0.00 1.33 1.62 1.34 1.94 1.05 82.87 58.86 1.32 5.54 1.44 57.33 56.61 
12 16.99 55.55 16.99 68.61 2.35 55.61 0.57 59.03 22.34 2.36 55.80 1.05 0.00 0.81 0.46 1.14 1.09 82.62 57.88 0.76 5.29 3.47 56.35 55.63 
13 16.98 55.06 16.98 68.13 2.49 55.13 0.77 59.05 22.47 2.49 55.32 2.26 0.73 0.00 0.75 0.65 1.07 82.13 57.40 1.01 4.80 3.60 55.87 55.15 
14 16.99 55.08 16.99 68.15 2.51 55.15 0.79 59.07 22.49 2.51 55.34 2.28 0.75 0.35 0.00 0.67 1.09 82.15 57.42 1.03 4.82 3.62 55.89 55.17 
15 17.74 54.72 17.74 67.50 2.51 54.79 1.34 59.07 24.16 2.52 54.98 3.39 1.30 1.37 1.32 0.00 1.13 81.50 57.06 1.43 4.17 5.43 55.53 54.81 
16 16.64 55.46 16.64 67.81 3.31 55.53 1.86 59.87 21.45 3.31 55.72 1.93 1.74 1.28 1.75 1.23 0.00 81.81 57.80 2.23 4.49 2.72 56.27 55.55 
17 87.09 53.09 87.09 27.07 83.71 53.28 82.54 140.16 103.91 83.71 50.29 83.14 82.50 82.22 82.52 81.62 81.74 0.00 50.85 82.63 80.66 85.18 49.80 50.58 
18 74.27 4.61 74.27 31.42 59.13 1.24 57.96 114.29 79.11 59.13 2.11 59.10 57.92 57.64 57.94 57.04 57.65 53.20 0.00 58.05 55.83 61.95 0.83 1.94 
19 18.98 55.55 18.98 68.62 1.59 55.62 0.85 58.79 21.57 1.59 55.81 1.89 0.89 1.25 0.90 1.14 1.94 82.62 57.89 0.00 5.29 2.70 56.36 55.64 
20 18.95 54.04 18.95 66.75 9.74 54.10 4.19 59.88 29.72 9.74 54.30 4.59 4.15 3.87 4.17 3.27 3.19 80.75 56.38 4.28 0.00 6.63 54.85 54.13 
21 17.25 59.86 17.25 71.50 2.37 59.92 2.22 60.33 18.73 2.38 60.11 1.83 2.23 2.98 2.24 3.28 2.42 85.50 62.19 2.74 8.17 0.00 60.66 59.94 
22 73.41 3.76 73.41 30.59 58.27 1.37 57.10 113.44 78.26 58.28 1.30 58.24 57.07 56.78 57.08 56.19 56.80 52.37 1.24 57.19 54.98 61.10 0.00 1.58 
23 72.78 3.13 72.78 31.31 57.64 0.76 56.47 112.81 77.62 57.64 0.77 57.61 56.43 56.15 56.45 55.55 56.16 53.08 1.05 56.56 54.35 60.46 0.72 0.00 
Table 6.4.12 Nodes distances day 12 
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 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
0 0.00 20.73 18.43 53.77 22.37 21.05 18.45 82.90 17.60 59.65 24.51 17.34 16.83 20.79 68.97 
1 20.74 0.00 15.04 82.88 25.77 19.78 14.84 86.99 16.39 88.77 45.54 14.95 14.85 30.74 82.00 
2 18.22 15.22 0.00 55.00 4.09 2.77 1.52 61.58 1.47 60.88 41.77 2.80 2.70 5.88 56.58 
3 58.99 70.23 55.98 0.00 58.28 57.55 55.34 24.59 54.44 9.59 79.31 55.04 54.54 52.56 25.26 
4 25.47 25.41 8.09 59.40 0.00 13.30 7.43 63.51 6.55 65.28 49.02 7.57 8.25 7.25 58.51 
5 21.31 20.26 4.29 58.16 6.19 0.00 4.72 65.83 4.54 64.04 44.86 5.89 5.79 13.44 60.84 
6 17.57 16.68 1.44 54.58 4.27 4.22 0.00 61.15 0.50 60.46 41.12 1.64 2.36 5.46 56.16 
7 78.51 88.14 62.64 26.38 63.65 64.21 61.99 0.00 61.09 25.48 100.95 62.23 61.73 58.97 2.15 
8 18.53 16.30 1.51 54.08 3.77 3.84 1.47 60.66 0.00 59.96 42.08 1.61 2.48 4.96 55.66 
9 65.07 76.30 62.06 9.81 64.35 63.63 61.42 25.45 60.52 0.00 85.39 61.12 60.61 58.64 26.13 
10 24.38 42.21 41.30 77.87 45.24 43.92 41.33 100.78 40.48 83.75 0.00 40.22 39.71 43.66 95.78 
11 16.44 14.59 1.46 54.66 6.32 5.00 0.82 61.95 1.32 60.54 39.99 0.00 0.40 5.54 56.96 
12 17.93 14.79 1.67 54.87 6.52 5.20 1.03 62.16 1.52 60.75 41.48 0.86 0.00 5.74 57.16 
13 18.95 30.59 5.73 52.54 6.09 11.68 5.09 59.48 4.19 58.42 42.49 4.59 4.09 0.00 54.48 
14 72.65 83.39 57.88 27.92 58.89 59.45 57.24 2.81 56.34 27.02 96.20 57.48 56.97 54.22 0.00 
Table 6.4.13 Nodes distances day 13 
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  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
0 0.00 45.68 53.77 18.45 1.01 17.96 82.90 25.43 31.97 17.38 19.29 63.66 80.31 18.45 77.26 
1 45.32 0.00 80.42 28.21 46.22 29.30 84.53 69.79 16.93 27.67 27.47 90.31 106.97 28.20 35.37 
2 58.99 80.69 0.00 55.34 58.35 57.54 24.59 78.77 73.80 54.22 54.59 13.60 28.06 55.34 112.26 
3 17.57 27.58 54.58 0.00 18.47 1.35 61.15 42.05 15.14 0.41 1.25 64.47 81.12 1.04 59.15 
4 1.01 46.58 53.13 19.35 0.00 18.86 82.26 26.45 32.87 18.28 20.19 63.02 79.67 19.35 78.16 
5 17.94 29.03 57.98 1.63 18.84 0.00 62.89 42.41 15.01 1.99 2.59 67.87 84.52 1.62 60.60 
6 78.51 86.06 26.38 61.99 77.87 62.31 0.00 98.28 79.17 60.87 61.24 31.25 25.94 61.99 117.63 
7 26.21 70.39 77.32 43.16 29.93 42.67 102.61 0.00 56.68 42.09 44.00 87.21 103.86 43.16 101.97 
8 31.69 16.92 74.05 15.09 32.59 15.66 78.16 56.16 0.00 14.82 14.72 83.94 100.59 15.09 47.84 
9 17.11 27.81 54.06 1.22 18.01 1.36 60.63 41.58 15.49 0.00 1.60 63.94 80.60 1.22 59.38 
10 18.42 27.61 54.76 1.29 19.32 2.40 61.34 42.89 13.89 1.02 0.00 64.65 81.31 1.28 59.18 
11 68.74 90.44 13.49 65.09 68.10 67.29 33.84 88.52 83.55 63.97 64.34 0.00 22.35 65.09 122.02 
12 85.34 107.03 30.08 81.69 84.70 83.89 26.11 105.11 100.14 80.56 80.93 22.11 0.00 81.68 138.61 
13 17.58 27.58 54.58 0.00 18.48 1.35 61.16 42.05 15.15 0.41 1.25 64.47 81.13 0.00 59.16 
14 78.03 37.68 113.13 60.91 78.92 62.00 117.23 102.50 48.71 60.37 60.18 123.02 139.67 60.91 0.00 
Table 6.4.14 Nodes distances day 14 
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
0 0.00 19.10 82.90 68.85 19.11 34.43 17.12 17.49 16.72 70.87 19.47 81.45 64.42 67.77 20.79 81.44 18.58 81.56 17.50 69.33 
1 18.82 0.00 63.34 58.23 0.00 36.32 3.29 2.06 3.98 60.24 1.76 83.35 44.88 57.15 10.94 83.34 2.34 83.45 2.54 58.71 
2 78.51 62.26 0.00 2.77 62.27 41.47 62.01 61.07 60.79 2.63 61.19 51.55 53.94 7.13 58.97 51.54 62.12 51.66 65.09 1.86 
3 72.97 57.84 2.34 0.00 57.84 37.62 57.58 56.64 56.36 0.81 56.76 52.33 49.51 2.09 54.54 52.31 57.69 52.43 60.66 0.48 
4 18.82 0.00 63.34 58.23 0.00 36.32 3.29 2.07 3.99 60.24 1.77 83.35 44.89 57.15 10.95 83.34 2.35 83.45 2.54 58.71 
5 39.65 36.27 51.61 37.20 36.27 0.00 35.48 35.08 34.30 39.22 35.19 50.16 48.18 36.12 33.22 50.15 36.12 50.26 37.74 37.68 
6 16.74 3.38 62.26 57.15 3.39 35.62 0.00 1.83 1.35 59.16 1.81 82.65 46.43 56.06 5.84 82.64 1.43 82.75 1.77 57.63 
7 16.99 2.51 60.52 55.41 2.51 34.60 2.06 0.00 1.09 57.42 1.03 81.63 43.57 54.33 4.82 81.62 1.97 81.73 3.62 55.89 
8 16.64 3.31 60.90 55.79 3.31 34.27 1.70 1.75 0.00 57.80 2.23 81.29 44.38 54.71 4.49 81.28 2.22 81.39 2.72 56.27 
9 74.27 59.13 2.65 1.22 59.13 38.91 58.87 57.94 57.65 0.00 58.05 52.68 50.80 3.93 55.83 52.67 58.98 52.78 61.95 0.83 
10 18.98 1.59 60.99 55.88 1.59 35.07 3.46 0.90 1.94 57.89 0.00 82.10 43.29 54.80 5.29 82.09 1.42 82.20 2.70 56.36 
11 86.58 83.20 49.00 50.31 83.21 49.55 82.41 82.02 81.23 50.35 82.13 0.00 95.45 51.96 80.16 0.32 83.06 0.31 84.67 49.29 
12 62.08 43.72 54.05 48.94 43.72 48.19 46.55 43.28 44.33 50.96 43.37 95.57 0.00 47.86 44.01 95.56 44.30 95.67 46.85 49.42 
13 72.55 57.41 3.42 1.08 57.42 37.20 57.16 56.23 55.94 1.96 56.34 55.51 49.09 0.00 54.12 55.50 57.27 55.61 60.24 1.56 
14 18.95 9.74 59.48 54.37 9.74 33.20 4.37 4.17 3.19 56.38 4.28 80.23 44.02 53.28 0.00 80.22 5.21 80.33 6.63 54.85 
15 86.27 82.89 48.68 49.99 82.89 49.23 82.09 81.69 80.92 50.03 81.81 0.85 95.13 51.64 79.84 0.00 82.74 0.79 84.35 48.97 
16 17.57 2.27 61.15 56.04 2.27 35.23 2.63 0.51 1.61 58.05 0.68 82.26 43.45 54.96 5.45 82.25 0.00 82.36 3.38 56.52 
17 86.77 83.39 49.19 50.50 83.39 49.73 82.60 82.20 81.42 50.54 82.31 0.54 95.64 52.15 80.34 0.70 83.24 0.00 84.86 49.48 
18 17.25 2.37 65.29 60.18 2.38 37.95 1.72 2.24 2.42 62.19 2.74 84.98 45.42 59.10 8.17 84.97 1.85 85.08 0.00 60.66 
19 73.41 58.27 1.86 1.09 58.28 38.06 58.02 57.08 56.80 1.24 57.19 51.84 49.95 5.80 54.98 51.83 58.13 51.95 61.10 0.00 
Table 6.4.15 Nodes distances day 15 
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  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
0 0.00 0.00 53.77 19.10 21.05 44.58 17.60 19.11 34.43 82.07 17.49 18.23 51.61 23.65 20.79 18.58 16.72 19.47 81.45 64.42 81.56 17.50 69.33 
1 0.00 0.00 53.77 19.10 21.05 44.58 17.60 19.11 34.43 82.07 17.49 18.23 51.61 23.66 20.79 18.58 16.72 19.47 81.45 64.42 81.56 17.50 69.33 
2 58.99 58.99 0.00 55.61 57.55 59.73 54.44 55.62 21.95 32.01 54.42 53.52 93.58 80.44 52.56 55.46 53.64 54.53 31.40 67.86 31.50 57.08 24.88 
3 18.82 18.82 55.66 0.00 1.94 63.29 2.04 0.00 36.32 83.96 2.06 2.39 32.65 41.51 10.94 2.34 3.98 1.76 83.35 44.88 83.45 2.54 58.71 
4 21.31 21.31 58.16 2.50 0.00 65.78 4.54 2.49 38.82 86.46 4.56 4.80 30.74 44.00 13.44 4.84 6.48 4.26 85.84 47.60 85.95 5.03 61.20 
5 46.55 46.55 51.10 71.65 73.59 0.00 70.15 71.65 37.87 55.02 70.04 70.77 103.42 30.38 65.40 71.12 69.27 72.01 54.40 109.04 54.51 70.04 80.52 
6 18.53 18.53 54.08 1.90 3.84 66.47 0.00 1.90 34.74 82.38 0.57 0.81 34.54 41.23 4.96 1.59 1.80 0.66 81.77 42.96 81.87 3.01 56.03 
7 18.82 18.82 55.66 0.00 1.94 63.29 2.05 0.00 36.32 83.96 2.07 2.39 32.64 41.51 10.95 2.35 3.99 1.77 83.35 44.89 83.45 2.54 58.71 
8 39.65 39.65 22.48 36.27 38.21 37.87 35.10 36.27 0.00 50.77 35.08 34.18 74.23 61.09 33.22 36.12 34.30 35.19 50.16 48.18 50.26 37.74 37.68 
9 87.04 87.04 31.79 83.66 85.61 56.93 82.49 83.67 50.01 0.00 82.47 81.58 121.63 89.67 80.62 83.52 81.69 82.58 0.65 95.91 0.44 85.13 49.75 
10 16.99 16.99 53.94 2.51 4.45 66.34 0.79 2.51 34.60 82.24 0.00 0.67 35.16 39.69 4.82 1.97 1.09 1.03 81.63 43.57 81.73 3.62 55.89 
11 17.74 17.74 53.29 2.51 4.46 65.69 1.34 2.52 33.95 81.59 1.32 0.00 35.16 40.44 4.17 2.36 1.13 1.43 80.98 43.58 81.08 5.43 55.53 
12 16.64 16.64 53.61 3.31 5.25 66.00 1.86 3.31 34.27 81.91 1.75 1.23 36.09 39.33 4.49 2.22 0.00 2.23 81.29 44.38 81.39 2.72 56.27 
13 18.98 18.98 54.41 1.59 3.53 66.81 0.85 1.59 35.07 82.71 0.90 1.14 34.23 41.67 5.29 1.42 1.94 0.00 82.10 43.29 82.20 2.70 56.36 
14 86.58 86.58 31.33 83.20 85.15 56.47 82.03 83.21 49.55 0.82 82.02 81.12 121.17 89.83 80.16 83.06 81.23 82.13 0.00 95.45 0.31 84.67 49.29 
15 62.08 62.08 67.89 43.72 47.01 85.96 43.30 43.72 48.19 96.19 43.28 43.34 69.92 84.77 44.01 44.30 44.33 43.37 95.57 0.00 95.67 46.85 49.42 
16 50.61 50.61 93.83 32.66 30.73 95.08 34.70 32.65 74.49 122.13 34.72 34.96 0.00 73.30 41.69 35.20 35.77 34.42 121.52 70.13 121.62 33.35 93.31 
17 23.66 23.68 80.14 41.26 43.20 30.75 39.76 41.27 60.80 89.85 39.65 40.39 73.03 0.00 42.94 40.73 38.88 41.63 90.16 86.58 89.95 39.65 95.43 
18 18.95 18.95 52.54 9.74 11.68 64.93 4.19 9.74 33.20 80.84 4.17 3.27 41.39 41.64 0.00 5.21 3.19 4.28 80.23 44.02 80.33 6.63 54.85 
19 17.57 17.57 54.57 2.27 4.21 66.97 0.49 2.27 35.23 82.87 0.51 1.30 34.92 40.26 5.45 0.00 1.61 0.68 82.26 43.45 82.36 3.38 56.52 
20 86.77 86.77 31.52 83.39 85.33 56.66 82.22 83.39 49.73 0.60 82.20 81.30 121.36 90.02 80.34 83.24 81.42 82.31 0.54 95.64 0.00 84.86 49.48 
21 17.25 17.25 57.29 2.37 4.32 61.72 2.22 2.38 37.95 85.59 2.24 3.28 33.38 39.94 8.17 1.85 2.42 2.74 84.98 45.42 85.08 0.00 60.66 
22 73.41 73.41 26.67 58.27 60.22 74.22 57.10 58.28 38.06 52.46 57.08 56.19 94.95 96.10 54.98 58.13 56.80 57.19 51.84 49.95 51.95 61.10 0.00 
Table 6.4.16 Nodes distances day 16 
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  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
0 0.00 53.77 66.79 22.37 19.10 77.06 59.50 26.32 81.61 34.43 17.49 18.23 16.72 69.00 61.68 63.09 83.06 18.96 19.47 20.79 18.58 17.50 81.56 
1 58.99 0.00 14.54 58.28 55.61 112.06 9.45 75.81 31.55 21.95 54.42 53.52 53.64 25.41 11.62 13.03 24.74 52.89 54.53 52.56 55.46 54.21 31.50 
2 71.95 16.70 0.00 71.24 68.58 125.03 10.90 88.78 25.43 34.92 67.39 66.49 66.61 29.93 3.30 4.17 29.27 65.85 67.50 65.53 68.43 67.17 25.37 
3 25.47 59.40 72.42 0.00 6.74 54.70 65.14 31.28 87.24 40.06 6.53 6.58 7.58 58.55 67.31 68.72 58.96 7.58 6.62 7.25 7.55 6.32 87.19 
4 18.82 55.66 68.68 3.70 0.00 58.38 61.40 20.44 83.50 36.32 2.06 2.39 3.98 58.38 63.57 64.99 58.79 5.85 1.76 10.94 2.34 2.11 83.45 
5 76.95 112.05 125.07 54.94 58.59 0.00 117.79 77.01 139.89 92.71 58.94 58.99 59.98 111.20 119.96 121.37 111.61 60.23 59.02 59.90 59.96 58.73 139.84 
6 64.80 9.54 4.95 64.08 61.42 117.87 0.00 81.62 23.10 27.76 60.23 59.33 59.45 28.04 2.17 4.58 27.37 58.69 60.34 58.37 61.27 60.02 23.05 
7 26.32 76.17 89.19 31.77 20.54 76.52 81.91 0.00 104.01 56.83 22.17 22.41 21.30 88.03 84.08 85.50 88.44 37.06 21.87 36.73 20.73 22.13 103.96 
8 86.48 31.23 25.19 85.77 83.10 139.55 23.14 103.30 0.00 49.44 81.91 81.01 81.13 49.72 20.61 18.37 49.05 80.38 82.02 80.06 82.95 81.70 1.51 
9 39.65 22.48 35.50 38.93 36.27 92.72 28.21 56.47 50.31 0.00 35.08 34.18 34.30 37.35 30.39 31.80 37.76 33.54 35.19 33.22 36.12 34.87 50.26 
10 16.99 53.94 66.96 4.38 2.51 59.07 59.68 22.49 81.78 34.60 0.00 0.67 1.09 55.56 61.85 63.27 55.97 3.03 1.03 4.82 1.97 0.56 81.73 
11 17.74 53.29 66.31 4.38 2.51 59.07 59.03 24.16 81.13 33.95 1.32 0.00 1.13 55.20 61.20 62.62 55.61 2.34 1.43 4.17 2.36 1.11 81.08 
12 16.64 53.61 66.63 5.18 3.31 59.87 59.34 21.45 81.44 34.27 1.75 1.23 0.00 55.94 61.52 62.93 56.35 2.66 2.23 4.49 2.22 1.49 81.39 
13 73.03 27.64 30.37 59.27 57.89 113.06 28.35 77.87 52.96 37.67 56.70 55.80 56.41 0.00 28.03 31.94 1.03 54.92 56.81 54.60 57.74 56.49 52.91 
14 69.15 13.90 3.30 68.44 65.77 122.22 5.81 85.97 20.30 32.12 64.58 63.69 63.80 28.14 0.00 1.69 27.47 63.05 64.70 62.73 65.63 64.37 20.25 
15 68.85 13.60 6.91 68.14 65.47 121.92 5.51 85.67 18.61 31.82 64.28 63.38 63.50 34.10 2.23 0.00 33.43 62.75 64.39 62.42 65.32 64.07 18.56 
16 72.75 26.62 29.35 58.99 57.61 112.78 27.34 77.59 51.95 37.39 56.42 55.52 56.13 0.73 27.01 30.92 0.00 54.64 56.53 54.32 57.46 56.21 51.89 
17 18.46 52.86 65.88 6.41 10.06 60.20 58.60 24.88 80.70 33.52 3.68 2.79 2.71 54.38 60.77 62.19 54.79 0.00 3.79 0.49 4.73 3.47 80.65 
18 18.98 54.41 67.43 4.10 1.59 58.79 60.15 21.57 82.25 35.07 0.90 1.14 1.94 56.03 62.33 63.74 56.44 3.46 0.00 5.29 1.42 0.69 82.20 
19 18.95 52.54 65.56 6.09 9.74 59.88 58.28 29.72 80.38 33.20 4.17 3.27 3.19 54.51 60.45 61.86 54.93 0.49 4.28 0.00 5.21 3.96 80.33 
20 17.57 54.57 67.59 4.26 2.27 58.95 60.31 22.25 82.41 35.23 0.51 1.30 1.61 56.19 62.48 63.90 56.60 3.63 0.68 5.45 0.00 0.85 82.36 
21 17.20 54.15 67.17 4.00 2.07 58.69 59.89 22.05 81.99 34.81 0.21 0.88 1.30 55.77 62.06 63.48 56.18 3.24 0.48 5.03 1.41 0.00 81.94 
22 86.77 31.52 25.48 86.06 83.39 139.84 23.43 103.59 0.93 49.73 82.20 81.30 81.42 50.01 20.90 18.66 49.34 80.67 82.31 80.34 83.24 81.99 0.00 
Table 6.4.17 Nodes distances day 17 
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  0 1 2 3 4 5 6 7 8 9 10 
0 0.00 22.37 46.52 17.12 19.89 45.68 0.00 53.77 17.73 17.60 18.23 
1 25.47 0.00 71.03 8.53 7.53 23.32 25.47 59.40 8.45 6.55 6.58 
2 46.48 67.35 0.00 62.10 64.87 90.67 46.51 91.31 62.71 62.59 63.21 
3 16.74 6.65 62.30 0.00 4.17 29.96 16.74 54.96 1.95 1.81 2.24 
4 19.88 4.76 65.44 4.35 0.00 28.69 19.88 56.73 4.15 3.11 3.46 
5 45.32 23.31 90.88 29.79 27.75 0.00 45.32 80.42 28.06 27.33 27.36 
6 0.00 22.37 46.53 17.12 19.89 45.68 0.00 53.77 17.73 17.60 18.23 
7 58.99 58.28 92.75 54.82 56.40 80.69 58.99 0.00 53.02 54.44 53.52 
8 17.45 4.86 63.01 2.01 3.77 28.17 17.45 53.02 0.00 1.49 0.90 
9 18.53 3.77 64.09 2.76 2.68 27.08 18.53 54.08 1.51 0.00 0.81 
10 17.74 4.38 63.30 3.17 3.30 27.70 17.74 53.29 0.72 1.34 0.00 
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  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
0 0.00 20.73 22.37 17.60 77.06 19.11 34.43 17.49 18.23 16.72 63.66 19.47 81.45 64.42 45.47 23.65 20.79 81.56 17.50 18.32 69.33 
1 20.74 0.00 25.77 16.39 70.53 14.78 63.54 16.41 16.74 15.54 92.77 16.11 110.57 59.18 27.26 44.69 30.74 110.67 13.12 12.29 82.36 
2 25.47 25.41 0.00 6.55 54.70 6.75 40.06 6.53 6.58 7.58 69.29 6.62 87.09 41.20 30.07 48.16 7.25 87.19 9.87 9.05 58.88 
3 18.53 16.30 3.77 0.00 58.45 1.90 34.74 0.57 0.81 1.80 63.97 0.66 81.77 42.96 28.41 41.23 4.96 81.87 3.01 4.20 56.03 
4 76.95 71.13 54.94 58.96 0.00 58.59 92.71 58.94 58.99 59.98 121.94 59.02 139.74 62.38 57.13 99.64 59.90 139.84 61.72 60.90 111.53 
5 18.82 14.86 3.70 2.05 58.39 0.00 36.32 2.07 2.39 3.99 65.55 1.77 83.35 44.89 26.50 41.51 10.95 83.45 2.54 2.77 58.71 
6 39.65 50.88 38.93 35.10 92.72 36.27 0.00 35.08 34.18 34.30 32.36 35.19 50.16 48.18 68.10 61.09 33.22 50.26 37.74 38.56 37.68 
7 16.99 16.91 4.38 0.79 59.07 2.51 34.60 0.00 0.67 1.09 63.83 1.03 81.63 43.57 29.02 39.69 4.82 81.73 3.62 4.82 55.89 
8 17.74 18.58 4.38 1.34 59.07 2.52 33.95 1.32 0.00 1.13 63.18 1.43 80.98 43.58 29.02 40.44 4.17 81.08 5.43 6.26 55.53 
9 16.64 15.87 5.18 1.86 59.87 3.31 34.27 1.75 1.23 0.00 63.49 2.23 81.29 44.38 29.96 39.33 4.49 81.39 2.72 3.55 56.27 
10 68.74 79.98 68.03 64.19 121.81 65.37 31.71 64.17 63.28 63.39 0.00 64.29 19.02 83.61 97.19 90.19 62.32 19.13 66.83 67.66 34.13 
11 18.98 15.99 4.10 0.85 58.79 1.59 35.07 0.90 1.14 1.94 64.30 0.00 82.10 43.29 28.10 41.67 5.29 82.20 2.70 3.90 56.36 
12 86.58 97.82 85.87 82.03 139.66 83.21 49.55 82.02 81.12 81.23 19.04 82.13 0.00 95.45 115.03 89.83 80.16 0.31 84.67 85.50 49.29 
13 62.08 59.12 40.07 43.30 62.80 43.72 48.19 43.28 43.34 44.33 77.78 43.37 95.57 0.00 63.79 84.77 44.01 95.67 46.85 46.03 49.42 
14 44.46 31.21 30.58 28.55 57.14 26.51 68.35 28.58 28.90 29.63 97.58 28.28 115.38 63.98 0.00 67.15 35.54 115.47 27.21 26.39 87.17 
15 23.66 41.50 44.53 39.76 99.22 41.27 60.80 39.65 40.39 38.88 90.03 41.63 90.16 86.58 66.89 0.00 42.94 89.95 39.65 40.48 95.43 
16 18.95 30.59 6.09 4.19 59.88 9.74 33.20 4.17 3.27 3.19 62.43 4.28 80.23 44.02 35.25 41.64 0.00 80.33 6.63 12.05 54.85 
17 86.77 98.01 86.06 82.22 139.84 83.39 49.73 82.20 81.30 81.42 19.23 82.31 0.54 95.64 115.22 90.02 80.34 0.00 84.86 85.69 49.48 
18 17.25 13.15 5.64 2.22 60.33 2.38 37.95 2.24 3.28 2.42 67.18 2.74 84.98 45.42 27.24 39.94 8.17 85.08 0.00 0.83 60.66 
19 18.08 12.46 6.95 3.05 61.64 3.69 38.78 3.07 4.11 3.24 68.01 3.57 85.81 48.14 26.56 40.77 9.00 85.91 0.82 0.00 61.49 
20 73.41 84.15 59.65 57.10 113.44 58.28 38.06 57.08 56.19 56.80 31.54 57.19 51.84 49.95 88.82 96.10 54.98 51.95 61.10 60.58 0.00 
Table 6.4.19 Nodes distances day 19 
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